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PREFACE. 


Trx following little work is intended to have a twofol: 
object—both to explain and illustrate the use and applicatioi 
of logarithms for the practical calculator, and to set forth an 
demonstrate their nature and properties for the Mathematica 
student. While, therefore, the Theoretical and Practice 
parts have been kept distinct, so that either might be sepy 
rately studied or referred to, they have been so written wit 
reference to each other, as to form but one connected treatis 
which the student, who really wishes to become thorough! 
acquainted with the subject, should entirely peruse. Fo 
although a knowledge of their mathematical properties is n 
essential to a knowledge of their use, yet they are so in! 
mately connected, that the acquirement of one greatly faci 
tates the aoquirement of the other. 


| H. L. 
Op Wrnpaon, 9A July, 1850. 
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CHAPTER I. 
Explanation and Definitions of Logarithms. 


Tue word Logarithm is derived from two Greek words (avyor, 
ratio, and agiduos, number), and signifies the ratios of num- 
bers 


By the ratio of two numbers, or the proportion which one 
namber bears to the other (the two terms being synonymous), 
is meant the magnitude of the quotient arising from the divi- 
sion of one number by the other. Thus, the ratio of 2 to 6 


is expressed by . and any other two numbers would be said 


to have the same mtio when the quotient arising from the 
division of one by the other was the same; 20, = being equal 


to 4 is said to have the same ratio to 12 that 2 has to 6. 


This is frequently written— 

4:12::2:6 
and is read, as 4 is ty 12 go is 2 to 6; it signifies nothing 
more than that the ratio of the two first numbers is the same 
ae that of the two last, or that <= 

A series of numbers is said to be in continued proportion 

whea the ratio between each two consecutive numbers is the 
eame, thus-— 

2, 6, 18, 64, 162, 
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ere in continued proportion, because the ratios of 2 to 6, 6 te 


. 2 6 18 54 

18, 18 to 54, and 54 to 162, or * is ba’ ies * all 
equal. Now, the ratio of 2 to 18 is made up of the ratio of 
2 to 6 and 6 to 18; but as these are equal, it is twice the 
ratio of 2 to 6% so, in like manner, the ratio of 2 to 54 is 
three times the ratio of 2 to 6; and the ratio of 2 to 162 is 
four times that of 2 to 6. 

In order to examine some of the properties of a series of 
numbers in continued proportion, let us take the following, 
which is a more extensive series than the preceding :— 


1, 2, 4, 8, 16, 32, 64, 128, 256, 612, 1024, 2048... (A), 
* 0,1,2,8, 4, 5, 6. 7% 8 9, %40, dl... (By 
and let us place under each term in this series a number ex- 
pressing how many times the ratio of 1 to 2 is contained in 
the ratio of 1 to that term; we see at once that under 1 we 
must place 0, and under 2 we must place 1; also, since the 
ratio of 1 to 4 is twice that of ] to 2, under 4 we must place 
2, and since the ratio of 1 to 8 is three times that of 1 to 2, 
under 8 we must place §; and, proceeding in a similar man- 
ner, we shall obtain the numbers in the second line above. 
Now, the numbers which we have thus placed ander the terms 
of the proportion are logarithms of those terms, and are so 
called because they express the number of ratios of unity to the 
fivat term contained in the ratio of unity to the term under 
which they are placed. 

The numbers composing a series in continued | gels 
similar to the above, will, on examination, be found to be de- 
rived from each other by the continual maltiplication of the 
previous term by some constant number; thus, in the first 
series, 6 is derived from 2 by being multiplied by $, and in 
like manner 18 is obtained from 6, and 54 from 18; eo ia 
the second series, the constant multiplier is 2, each term being 
derived from the preceding by multiplication by that num- 
ber. A series of numbers thus obtained by the continual 
multiplication of its terms by a constant uuambor is called a 

tvioal series ; such is the series (A) above; while a series 

which the terms are derived by the continual addition of a 
constant number is termed an arithmetical series, an example 
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avithmetical series formed by the cuntinued addition of unity, 
commencing with the cypher, then will the numbers in the 
lower line express the number of ratios of unity to the first 
term, of which the ratio of unity to all the other terms is 
made up, and therefore they will be the logarithms of the 
numbers in the line above them. For example :— 


1, 3, 9, 27, 81, 248 { ay cal forming = geometrical 


: are the rithms forming an arith- 
of which 0, 1,2, 3, 4, Bf ponies oonlag ans 
So, 1, 7, 49, 348, 24o1 { se me numbers forming « geometrical 
a, 


. are the logarithms forming an arith- 
of which 0,1, 2, 3, af anes 


And again, 1, 10, 100, 1000, 10000 { #F¢_ the numbers forming a 


geometrical series ; 
. are the logarithms forming an 
ofwhich 0, 1, 2, 8, 4 esiihmcacs! seta & 
Now, from the very nature of a geometrical series, it fol- 
lows, that its terms are all powers of the constant number by 
the multiplication of which they are produced, and therefore, 
in place of writing the numbers themselves, we might intro- 
duce the expression denoting the power, without actually per- 
forming the multiplication, and we should thus obtain for the 
three geometrical series above, writing them vertically instead 
of in horizontal lines *, 


Nos. Loga, Noa. Logs. Nos. Logs. 


1 = 3° 1=7? ]=10° 
8=38! 727! 10 = 10! 
9 = * 49 =: 7 * 100 = 10 * 
Q27 = 8 * 318 = 7 5 1000 = 10 ® 
81 = $ ‘ 2401 = 7 * 10000 = 10 ¢ 
243 = 3 5 


In these we perceive immediately that the numbers denot 
ing the powers, or, as they are termed, the indices or exponent: 
of the powers, are the same as the arithmetical series give: 
above, and that they are therefore the logarithms of the num 
bers in the first columns. The constant number, of whic! 
the powers are successively taken, is termed the root or radta 
and may have any value that we please assigned to it. Thus 
we derive another definition of a logarithm, which may be di 

© Ys must be bome in mind that a® = 1, and a! =a, whatever the vali 
of a may be. 
B 


4. RUDIMEKTARY TREATISE 


scribed as the index or exponent, to which a cerinin root or bass 
must be involved, in order to be equal to the number of which it 
isthe logarithm. It is, therefore, evident that a given num- 


ber have any number of logarithms corresponding with 
it; or that the same logarithm may serve for sere ie 
numbers, according to the value assumed for the base or root 
to be involved, or what is the same thing, the common ratio 
of the geometrical progreesion*. Thus, in the examples 
above, the bases or common ratios are 8, 7, and 10. 

We have, therefore, three distinctly different definitions 

which may be given of logarithms, depending upon the par- 

. ticular way in which they are regarded, and we shall recapitu- 
late these definitions, before proceeding farther, in order to 
insure their being thoroughly understood. 

1. The dogavithnn of agiven number is the number of ratios 
of some assumed constant number to unity, contained in the 
ratio of the given number to unity. 

2. Logarithms are a series of numbers in arithmetical pro- 
gression, answering to another series of numbers in geometri- 
cal progression; so taken that 0 in the first corresponds with 
1 in the latter. 

8. The logarithm of a number is the index or exponent of 
the power, to which a given constant base or root must be ia- 
volved, to be equal to that number. 

Whichever of these definitions may be adopted, the same 
agi rties may be deduced as belonging to ohare 
we , however, in the following pages, consider them 
under the notion involved in the third definition, as the ex- 
ponents of the powers of some constant root. And, in order 
to a more perfect conception of the subject, we shall first con- 
sider the properties of the exponents of powers generally. 


OHAPTER II. 
On the Eaponents of Powers. 
algebra, the powers of a quantity, or the number of tim 


" 
that tbat quantity has been em loyed as @ factor to produce 
& given quantity, are denoted by that number being written 


© Bee page 18, 
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somewhat to the right and above the number or letter ex- 

ing the original quantity or root of the power. Thus, 
the square of 6 is written 6’; the cube of #, 2°; and the fifth 
power of 12, 12°. In the first example, as 6 enters twice as 
a factor, it is called the seoond power, and is denoted by 2 
written over the 6; in the second example, as 2 enters three 
times as a factor, it is called the third power, and is denoted 
by a 8 written above the z; and in the last example, as 12 
enters five times as a factor, it is termed the fifth power, and 
is written 12°. The number thus placed over a number, to 
denote the power to which it is required to be raised, is 
termed the index or exponent of that power; as the former of 
these terms is sometimes employed in a different sense, to 
avoid ambiguity we shall use only the last. Thus, in the 
foregoing examples, 2, 3, and 6 are the exponents of the 
powers, to which the quantities 6, @, and 12 are to be re- 
spectively raised or involved. 

Frequently letters are employed instead of numbers as ex- 
ponents of powers; thus, 2" denotes that the quantity repre- 
sented by # is to be raised to the power represented by a; 
and 6", that the quantity 6 is to be raised to the power of n, 
or the nth power. ‘The quantities, as a or b, in the foregoing 
examples, which have to be involved, or the powers of which 
are to be taken, are termed the roots or bases. : 

When it is desired to multiply any two powers of a quan- 
tity, a very little consideration will show that their product 
will be equal to a power of that same quantity, whose exponent 
is the sum of the two exponents of the powers to be multi- 
plied. For, let us suppose the powers to be multiplied to be 
wand 2’, then #' = 2.4.2, and 2' = @.2, therefore, 2° x a* 
= @.@.@.@.@2@', the exponent of which 5 is equal to 
$ + 2, the sum of the exponents of the two factors. And the 
converse of this rule holds good, for if it is required to divide 
a power of a given quantity by any other power of the same 

ntity, it is only necessary to subtract the exponent of the 

ivisor from the exponent of the dividend to obtain the ex- 
ponent of their quotient. Thus, let it be required to divide 


: O.0. 8.0.8.8 
2° by #', we have a’ ~ a! = a aaa =2.¢.0.e=8', 
# 





the exponent of which is equal to 6 — 2. 

Let us next examine the value of the power of a power; for 
instance, the square of a‘. In this case, we see at once that the 
square of #is nothing more than #’ multiplied by itself, and by 
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our former rule for the multiplication of powers, we’have 2° x 
2’ c= 2°; if we bad required the cube of 2’, it would have been 
@ . a.) x af, and for every higher power of 2* we must add 
another 8 to the exponent; it is therefore obvious, that as the 
exponent of the original power has to be taken as many times 
as the exponent of the power to which it has to be raised, that 
the new exponent will be equal to the product of the other 
two; thus, in the above examples, 3 x 2 = 6, therefore (#’)’ 
sx #,and 8 x 3 = 9, therefore (#)’ = 2°. The converse of 
this rule also holds good, for if it is required to extract any root 
of a power, we have only to divide the exponent of the power 
by the exponent of the root, to obtain the exponent desired. 
Thus the square root of wis a’, because 4 + 2 =: 2; and the 
square root of a’ is x’, because 6 — 2 = 3. 

The four processes which we have here described are those 
which are of the most frequent occurrence, and as it is essen- 
tial that they should be perfectly comprehended before enter- 
ing on the use of logarithms, we shall recapitulate them in the 
form of rules, 

l. The multiplication of the powers of any quantity is per- 
formed by the addition of their exponents; that is, 2* x 2” 
se gilt tm), 

2. The division of the power of a quantity by any other 
power of the same quantity, is performed by subtracting the 
exponent of the divisor from the exponent of the dividend; 
that is, a = a = gin- ™), 

3. The involution of any power of a quantity to some power 
is performed by multiplying its exponent by the exponent of 
the power to which it is to be raised; that is, the nth power 
of a” is x*™, 

4. The extraction of the root of any power is performed by 
dividing its exponent by the exponent of the root required ; 


that is, the nth root of z* is 2". 

Tn the last example we have an exponent differing from 
‘any which we have previously met with, namely, a fractional 
exponent; its use, however, in that example sufficiently ex- 
plains its meaning, which is, that the quantity to which it is 
attached is to be raised to the power denoted by the nume- 
rator of the fraction, and is then to have the root extracted, 
which is denoted by the denominator of the same; or, the 

may be reversed, and the root first extracted, 
and then the power raised, since the order in which these 
operations are performed makes no difference in the fina] ‘re- 
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sult. For example, let z above equal 4, m equal 8, and » 


Lo 
equal 2; then 2" = ai, and if we take the cube of 4, which 
equals 64, and extract its square root, we obtain 8; or, if we 
first extract its square root we obtain 2, the cube of which is 
also equal to 8. And therefore we perceive that the final 
result 1s the same, whichever process ie first performed. 

In the example to the second rule, namely, a\"~™ = a’; 
if m is less than n, then the exponent r is a positive number, 
and w is termed a direct power of z; if, however, m exceeds 
n, then will r be a negative number, and in this case #~" is 
termed an inverse power of x. In order to arrive at a correct 
idea of the value of an inverse power, we will take a direct 

wer, and successively divide by its root, or subtract unity 

rom its exponent, until we obtain a negative value; thus, let 
us start with 2’, then— 


o@-'=—=@! 
@ 


x" 
& 


' 
Pd a 
& 


Pa 
2 


igs 1 ] = 
(oe te geo — og 
a a’ 


prim) oe =~+-t= —=2, 


or, in more general terms, #~* = x ; that is to say, the in- 


verse power of any number is equal to unity divided by the 
direct power with an equal exponent. 

This last rule holds equally, when the exponent of the in- 
Verse power is a fraction, as it does when an integer; thus, 
@* is equal to unity divided by the nth root of a, or to—° 

a 

We have then four different forms in which an exponent 
may be presented. | 

1. The positive integral exponent, as 2°, which denotes the 
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direct nth power of z, and is equal to the prodact arising from 
the multiplication of » factors, each equal to a. — | 

2. The negative integral exponent, as x~*, which denotes 
the inverse nth power of 2, and is equal to unity divided n 
times by 2. 


1 
8. The positive fractional exponent, as w=, which denotes 
the direct nth root of #, and is equal to a quantity which, bemg 
multiplied n times by itself, shall be equal to #. 


4. The negative fractional exponent, as 2 , which denotes 
the inverse nth root of 2, and is equal to unity divided by the 
direct nth root of a. 


CHAPTER III. 
Of various Systems of Logarithms. 


We next proceed with the consideration of logarithms, 
under the view suggested in the third definition given of them 
in the first chapter, as the exponents of the powers of some 
constaut number, taken as a base for the system. It was 
there stated that any value might be assumed for this base; 
two only have, however, been employed, namely, 2°7182818 
and 10. The first was that adopted by Baron Napier, the 
inventor of logarithms, and was employed by him in the first 
system of logarithms, which was saledlated by Briggs. The 
reason why such an intricate number was adopted, and not 
some simple integer, will be presently explained; it may be 
sufficient at present to state, that the system having this 
number for its base, being capable of being expressed more 
simply, and calculated more easily, than any other, was the 
reason of its adoption; from which circumstance, they have 
also been occasionally designated the natural system of loga- 
rithms; they are, however, more frequently termed Napierean 
or Hi; ic logarithms. The latter term, derived from cer- 
tain relations, found t¢é exist between the logarithms of this 
system and the asymptotic spaces of the hyperbola, and which 
were believed to be peculiar to it, is very properly falling 
into disuse, since it 1s now known that the same property 
belongs to every system, the only difference being in is angle 
included between the ptotes, which depends upon and 
varies with the value of the base; for in the system of which 
we are now speaking, in which the base equals 2-7182618, the 
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asyinptotes are at right angles to each other; in the other 
system, having 10 for its base, they make an angle of 25°7404. 

It was soon perceived. by Briggs, who had calculated the 
first table of Napierean logarithms, that several important 
advantages were possessed by a system of logarithms whose 
base was 10; he consequently proposed it to Baron Napier, by 
whom it was adopted, and it is now universally employed for 
the purposes of calculation; although the Napierean loga- 
rithms are always employed in the Differential and Integral 
Caleulus, and the other higher branches of analysis. 

The logarithnis of any particular system are immediately 
reduced to those of any other system, by merely being multi- 

lied by a constant number, whose value depends on the re- 
ative values of the bases of the two systems. Thus, the 
logarithms belonging to the common, or as it is sometimes 
termed Briggean, system, whose base is 10, are converted 
into the Napierean, whose base is 2:71828, by being multi- 
ee by 2°3025851, while the Napierean are reduced to the 

riggean by being divided by the same number, or, what ia 
the same thing, being multiplied by its reciprocal 0°4342046, 
We shall not stop here to prove this, or to explain its reason, 
as it would involve considerations with which the student is 
supposed at present not to be acquainted ; its demonstration 
will be given in a subsequent chapter *. 

We shall now proceed to explain why the base of the 
system was altered from 2°71828 to 10, and to point out the 
advantages thereby attained. 

In the tables below we bave given the numbers whose 
logarithms are the first six integers in both systems, the 
left-hand table being taken to the Napierean base, and the 
right-hand to the base of 10. 


Nos. Base. Logs. Nos, Base, Logs. 
3:00 == 2°71828 ° .j] =i10? 
272 = 271828 ! 10 = 10! 
7°39 sx 2°71828 * 100 = 10 2 
20°09 = 2°71828 * 1000 == 10 ? 
84:60 == 2:71828 4 10000 = 10 4 
148:41 == 2°71828 ° 100000 = 10 ° 
408'48 = 2°71828 ° 1000000 z= 10 ° 


By reference to the right-hand table it will be seen that 
the common logarithm of 1 is 0, that of 10 is 1, and of 100 is 


® See page 22. 
8 8 
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2; it is requisite, however, for the purposes of general com 
tation that we should know the eases of all the ite 
mediate numbers included between these, as from 1 to 10, 
from 10 to 100, and so on. Now, since the logarithm of 1 
is 0, and of 10 is 1, it follows that the logarithms of any in- 
termediate numbers, greater than 1, but less thae 10, must 
be some fraction, whose value lies between 0 and 1; and in 
like manner that, since the logarithm of 100 is 2, the loga- 
rithm of any intermediate number between 10 and 100, must 
have a value between Land 2. Interpolating, therefore, these 
fractional values of the logarithms of the intermediate num- 
bers, we obtain the following series :— 


Nos. Logs. Nos. Logs. 
1 = 10 vnv00 1h = 10 es 
Q = 10 050105 12 = 10 107918 
3 = 10 0'47712 13 = 10 1*11304 
4 = 10 ove 14 =: 10 Wiels 
5 = ]0 von 16 == 10 five 
6 =: 10 77815 16 = 10 i242 
7 = 10 esssio 17 = 10 1365 
8 = 10 one 18 == IQ) 128897 
Q = 10 oosine 19 = 1Q) 197075 
10 == 1) 1000 QU == 10 hse 
&. ke. 


All numbers which are powers of 10, necessarily have in- 
tegers for their Jogarithms, but the logarithms of all the inter- 
mediate numbers are compounded of an integer and a decimal 
fraction. The decimal portion is termed the mantissa, and 
the integer, which precedes it, 13 called the index, or charac- 
teristic; as, however, the former of these terms is frequently 
apres in a different sense, we shall here only use the 
atter. 

In the foregoing Table, if we compare the logarithm of 2 
with that of 20, we shall find that they only differ in the 
characteristic, the mantissa or decimal portion being identical 
in both; the reason of this will be very evident, if we con- 
sider that 20 is 2 multiplied by 10, and therefore that the 
logarithm of 20 is equal to the logarithm of 2, with that of 10 
added to it, and, as the logarithm of 10 is au integral number, 
its addition only affects the value of the characteristic. In 
fact, the addition of | to the characteristic is multiplying the 
number which it represents by 10; in like manner, adding 8 
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to the characteristic, is multiplying the number by 100, and 
soon. Thus the logarithm 


Of 2 is 0°80108 ; 
Of2 x 10= 20 is 0:30103 + 1 = 1:30108; 
Of2 x 100 = 200 is 030103 + 2 = 230109; 
Of 2 x 1000 = 2000 is 0:°30108 + 3 = $:30103. 


The mantissa, or the decimal portion of the logarithm, is 
always the same with the same figures, whether they are deci- 
mals or integers; it is only the characteristic which changes 
its value, with a change in the position of the decimal point. 
The value of the characteristic of the logarithm of a number 
is always one leas than the number of integers in that num- 
ber; thus, in the above example, when the number is 20 the 
characteristic is 1, when 200 it is 2, and when 2000 it is 3. 

The characteristic, therefore, of the logarithms of all 
numbers 


Equal to, or greater than 1, but less than 10, is 1, 


” % 10, 5 100, ,, 2, 
” ” 100, »  1000,,, 3, 
” $9 1000, » 30000, ,, 4, 

&e. &e.  &e. 


By way of further illustration, we will take the number 
67854, and successively divide it by 10, examining the change 
thus produced in the value of the corresponding logarithms: 


Nos. Logs. 
67854 . . . . = 48391576 
67854 . . . = 3831576 
678564 . . . == 2831576 
67854. . . = 1°831576 
67854 . , == 0881576 


67854 . . =0831576 — 1 
‘067854. . =z0°831576—2 
0007854 . = 0831576 — 3 


We here perceive, as we have already stated, that, the 
figures remaining unaltered, no change takes place in the 
maentisa of the logarithm, but that as the number is succes- 
sively divided by 10, the value of the characteristic is 
diminished by unity. We see further that, when the oum- 
ber is wholly a decimal fraction, the characteristic of its loga- 
vithm is negative; when the first figure after the decimal 
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point is a significant figure*, the characteristic of its loga- 
rithm is —1, when a nought is interposed after the decimal 

nt, so that the first significant figure is the second decimal 

ure, the characteristic is — 2, with two noughts it is — 8, 
and generally, the characteristic of the logarithm of a deci- 
mal Pract jon is a negative number, greater by unity than the 
number of noughts following the decimal point. Instead of 
writing, as we have above, 0°831576 — 3, the characteristic is 
placed to the left of the mantissa, with the negative sign 
above it, thus 3°831576. The negative sign is placed above, 
instead of before the characteristic, to denote that it is only 
the characteristic and not the mantissa that is negative. 
Thus, the characteristic of the logarithm of 


1 isl, 
Ol ,, 2 
001 ,, 3, 
‘0001 ,, 4. 
&e.  &e. 


Since the characteristic of the logarithm of any number 
does not depend upon the value of the figures composing that 
uumber, and is so easily found by attention to the foregoing 
rules, it is usual to omit them altogether in the tables of 
logarithms, and only to give the mantissa or decimal portion. 

It is ouly logarithms having 10 for their base which pos- 
sess this important property, of having the same mantissa for 
the same figures, and this was the reason of that number 
being iA ii by Briggs for.the base of the common system 
of logarithms. 


CHAPTER IV. 


Mode of calculating Logarithms, and Demonstration of their 
Properties. 

Ix the following Chapter the expressions, or formule em- 

e for the calculation of logarithms, are mathematically 

, and demonstrations are given of all the properties of 

jogarithms referred to in any other portion of the work. By 

those not familiar with mathematical investigation, the present 


Ail the namerals are significant figures, with the exception ef the cypher. 
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‘ehapter may ‘be omitted, as it is in nowise necessary to the 
roper understanding of the remainder of the work ; the sub- 
Beet would, however, have been hardly complete without it, 
and it was considered that a rigid demonstration would be far 
more satisfactory to those by whom it could be followed. than 
@ mere enunciation of the several propositions without any 
proof; and that, the reason of the several propositions and 
rules being understood, they would become much more firmly 
fixed in the memory, and their practical application and 
adaptation to peculiar cases rendered far more easy. 


DEFINITIONS. 


1. The Power of a number or quantity, is the product aria- 
ing from the multiplication of that number, any number of 
times by itself. 

2. The Root, or base of a power, is the number or quantity, 
by the continual multiplication of which by itself, that power 
is produced. 

3. The Kaponent, or index of a power, is the number of 
times that the root of that power enters into it, as a factor. 

4. The Exponent, or index of a root, is the number of times 
that it must be employed as a factor, to produce a given 

wer. 

A Logarithm of a number, to any base, is the index or 
exponent of the power to which that base must be involved, 
to be equal to the number. — 

6. A System of Logarithms, is the collection of the loga- 
rithms of a series of numbers, taken to the same base. 

Scootrum. The logarithm of any number, as z, to any 
base b, is expressed by log, #; in like manner, the logarithm 
of the same number, to any other base, as +, is written logs #. 

7. A series of numbers is in Arithmetical Progression, 
when each number is derived from that which precedes it, 
by the addition of a constant number. 

Scxorium. Such a series is called an Arithmetioal Sories, 
and any one of the numbers composing it, a term. 

8. The Common Difference, is the constant number, by the 
continual addition of which, an arithmetical series is formed. 

9. A series of numbers is in Geometrical Progression, when 
¢ach number is derived from that which precedes it, by the 
multiplication by a constant number. 

Scrotrom. Sueh a series is called a Geometrical Series. 

10. The Commen Ratio, is the constant number, by the 
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pcp maltiplication by which, a geometrical series is 


Scuotstum. In investigations similar to the following, the 
-term coefficient is employed in a somewhat extended signifi- 
cation, to mean any quantity or expression (however compli- 
cated) by which the quantity, more immediately under con- 
ieideration, is multiplied. — 
Thus, in the expression, 
rr r/r r 
—(< 1) . = (5 1). (£-2) 
ma 


ae a ee en a % 
oa) 


2.3 
ae a r/(r r 
2 2.3 
are looked upon as the coefficients of 27 and 2° respectively. 

11. The Characteriatic of a Logarithm, is the integral 
number, to the left of the decimal pvint. 

12. The Mantissa of a Logarithm, is the decimal number, 
to the right of the decimal point. 

18. A Significant Figure is every figure but a cypher; the 
cypher signifying no actual quantity, but being employed 
ouly to determine the place of the other figures. 

Proposition A. 
Tagornemu. Jn an equation of the form 
A+ Be + Ca? + D2’ + ......0.. + &. = 
Ot ba + ca + dx + ..c.cce0s + &. 
the coefficient of any power of x on one side of the equation, és 
to the coefficient of the like power of x on the other side ; 
is, Azaa, Bm b, Ocxe, &. 
_ Because, in the above expression, the values of the coefii- 
cients are perfectly independent of the value of «x, therefore, 
we may atsume « to have any value we please, without de- 
stroying the equation. 
’ ‘Lat, therefore, # = 0, the equation then becomes 
A = 4. 

Now, since A and a are equal, we may remove them from 

the original equation, which then becomes 
Be+Cs*+D2'+...+é.= 
ba + oz? + de’ + ... + do 


. 
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_ Dividing both sides by 2, we obtain 
| B+ Cr+ D2'° +... + dc. = 
b+ecra+ da + ... + Ke. 
And again, assuming z = 0, we slag 
== 0, 
And in like manner, it may be shown that C=c, D=d, 


Scuotiom. 1. The above Theorem is true, whatever signs 
the terms of the equation may be affected with, provided only, 
that the terms involving like powers of 2, on the opposite 
sides, are affected with like signs. Thus, it is true if 

A—Bre+C2?—De2'+...—hk = 
Q@—bxrt+ce —da'+ ... — &. 
or if, : 
~A+B2r—C2+DdDri— ... + de. = 
—~a+be—ca’'+dzri-— ... + &e. 

2. This Theorem also holds good whon more complicated 
functions of # take the place of 2, 2’, z', &c., provided only, 
that the same functions occur in the same order on opposite 
sides; as for example, if 

A+B2+C2'+Day+ Ey +Fao'+..+h. = 

@tbatecrtdry tey? + fat wu. + & 


Proposition B. 
Propiem. To expand b* in terms of a. 


For 4, substitute (1 + y). then 4% = (1 + y)*; expanding 
this expression by the Binomial Theorem®, it becomes 


(Am—}).(A—2 
bran pay +a ca) Dyn a 


gO) ccc Rs. 


2.8.4 
= ane 





7 A 
Meters 


¥+ 
at am Ba? + LL AP — 6A 
2.3.4 oF ay tenon 


a demonstration of the Binomial The: rem, seo the “ Elemente of 
kien” "p18, by Mr. Haddon. 
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mltay+(5—2)y +(=- aot +S)r+ 


mM 66x" 1) a? 
(fe ae tay) te tt 


' Arranging this Jast expression according to the powers ef 
a, we have 


1 ] 1 
A, be gis ner, Seaner | =e 
b midaly 9 Y + ay red + coe ac.} 
afl yr — ores a + de} 
ga’ ~a x : : 


] 1 
S Seaer, pene | — &. 
trl iy qyte dc, } 
Or, if we put 
1,1 
Amly—sy +ay—ay' + — be} 


a ee | ae 
Be {oy —59t yy. +e 


oa 
Caley — ay + -,— bo} 
wo have 
B* xl AA + BA? + Ca? + o,f MC. ccoeee [LL] 


Now, im order to obtain the values of the ceefficients B, C, 
&c., in terms of A, let ral ocelie = for AA + Ba? + Ca® + &., 
then the above expression 


b= 14+. 
Extractiag the root on both sides, we have, 
6 =(l + #) > 
and raising them to the power of r, it becomes 


bf =x (1 +2) 
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Expanding by the Binomial Theorem, we have 


(5-8) 


= 








= (5-1) o(2 
raha 2 ANA 
get *+ 


b” = 1 ae + 


3-1) G=*) - Goa) Bb seccee + ee. 


)- 
2.38 


Substituting, in this expression, AA + Ba* + Ca® + &o., 
for s, it becomes 


Wl += (Aa + Ba + Cr? + do.) + 


(5-1) 


——y (Aa + Bal + Cn? + bo? + 


r/r : 

5(5-1) - (5-2) 

gg (AA EBA 2? + be)! + 0 + bo, 
= 1+r(A + BA+C2 + dc.) + 
aM A + BA + CA? + hc. + 


rN OM A + BrA+ Cr? + &.) + ... + ke. 


If now we assume A = 0, this expression becomes 


AA Ar 
Vaal Ar ++ >> 


Which expression, being pereeey general, is true whatever 
value is assigned to r; we may therefore substitate A for r, 
whence we obtain 


+... + &e. 


A’ A’ 
b= LPAAt M+ TEM +o. + hee eenee eocre {2.] 


The value of A is already known in terms of y, but as 6 = 
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1 + y, therefore y = 6 — 1, and if we substitute this value for 
¥: we have 

Am | (b—1)—5(b—1)'+ 


l 1 
5 PAP TRASH essssee soi bo. oon [3.] 


Proposttion C. | 
Prosrem. From the equation 
A? 
2.3 

to determine the value of 2, in terms of b and n. 
If, in the equation n = 4*, both sides are raised to the 


power of 2, it becomes n’= 8”; then expanding w* in terms 
of x, we obtain (Prop. B, [2]) 


a A’ 2 
b eRe l PART oe + A® + oveces + &. 


® A,’ A,’ 
n LE ALe tt Tat ereeeeee ot ee. 
in which (Prop. B, [8}) 


A, ={(n—1)—2(n— 1)? +5(0— ener + be,} 

Also expanding 4+ in terms of 4 2, we have (Prop. B, [2]) 
2 3 

beeen + AXZ + Mat + a + seaede + &. 


Tf now in the equation 64 = n’, we substitute the values of 
b* and n* obtained above, it becomes 


1+AdA2 +5 Ama 4. 5 AMR at + ... + &e. 
] 
2 
From which we have, by Prop. A, 
AA =A, 
A’ i= A,’ 
A‘. a A,*, do. 


" mil+A,@ + A? at + Gata +... + de. 
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From each of which we obtain 
» = A 


Substituting for A, its value given above, and for A its 
value determined in Prop. B, [3], we have 


(n —1)— 5 (m1! + 5 (n— 1) — bo 
A= fn i a en ie et ee [1.} 
(6— 1) = 5 (6 — 1) + 5 (6-1) — de. 


Scuottom. Since b* = n, it follows, from the definition of 
a logarithm. page 4, that A is the logarithm of the number n 
to the base 6. Now as 6 may have any value that we please 
assigned to it, and, as every different valuc of 4 gives a dif- 
ferent value of A, it follows that there may be any number of 
logarithms corresponding with the number n, because any 
number of values may be given to the base b*. 

We may therefore assume such a value for 6 as shall give 


A= { (b — 1) — 501) +5 (6-1) — de} sz 1, in 
which case the expression (1, above] for the logarithm becomes 
A= (n — 1-5 (n— 1)? + 5 (a — 1)? — ... + Keo. .... [2.] 

This is the value for A actually taken by Baron Napicr, 
and employed by him in his first Table of Logarithms, from 
which circumstance, logarithms calculated to this base are 
termed Napierean Logarithms. 


Proposition D. 
ProsLem. In the equation 


a AP 2 A A‘ 
+6 A + 35° +3374" + oo + &. | 


to determine the value of b, when A is made equal to unity. 
Substituting the assumed value of A, in the above expres- 
sion, it becomes 
* Bee page 5. 
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Now, as this expression is true, whatever be the value of 
‘Dy it is true when A = 1, in which case.it becomes 


1 1 1 1 
bmlt+itstogtggatreacet & 


From which expression, es it is rapidly convergent, we may 
easily determine the value of 6, to any required degree of 
exactness. 

- ScHotrom. The following is the calculation for the first 
thirteen terms. 

ly+lx= 2°000,000,000 000 

$ == -500,000,000000 

+ by 8 = *166,666,666 667 

» 4= "041,666,666,667 
» &= ‘008,883,333 333 
» Om 001,888,888 889 
» Te +000,198,412608 
» 8= ‘000,024,801/587 
» 98 °*000,002,755;'732 
» 10= -000,000,275/573 
» il= 900,000,025 052 
» 122 ‘000,000,002,083 


2°718,281,828/286 
In which the first nine decimals are correct. This num- 
ber is usually denoted by «, and is, as stated in the scholium 
to the preceding proposition, the base of the Nuapierean sys- 
tem of logarithms. 
Prorosition E. 


Prosiem. To obtain a rapidly convergent series, for cal- 
culating the logarithms of numbers. 


In the axpresaion Prop. C, [1], if we put A for its equive- 
lent value in the poi abel have e 


a ax log,n =i{(n— 1-5 (n— 1)? + 


BBA U ne tbe} arses 
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This expression being true for all values of n, we may put 
Pr rien hig brat rten Jide ue 


1 
ae —_ = 3 —_ one 
log, (1 +m) =4 (m _” +5" eee + do. } 
Again, if we put 1 — m = n, we have 
log, (1 —m) =~ ( m q™ ar tad — coo — ae.) 


Then, subtracting the second equation from the first, we 
obtain 
+- Mm 


log, (1+ m) — log, (1 — m) = log, = oe 


] a 
<(m—5m a tas ~ cee + &e. ) 


1 1, 1 4 , } 
—>( 2 8 oo ; 
2 $ 1 5 . + de.) 
=i (m+ gm + ri +. + 


Now, let 1 } m =a, and 1 — mh a a — 1, then we have 


ite 4 
l—-m a—ti 


From which we obtain 
1 
Q2a—1 


neers this value of m in the above expression, we 
ve 


a ae ee 


521 - ; iri t §ae—1y7 7 


i 
5(ja—1) + 1. + * corer eedecvese (2,] 


n series which is rapidly converging. 
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Proposrrion F. 


Prostem. To reduce the logarithms of a system having one 
base, to those having a different base. 


We have, in Prop. E, [1], 
log, n = zi —1)— =(n— 1)* + x(n - 1)*— 64 to. 


, .; eee 
In which expression the coefficient — is constant for every 


logarithm having 4 for its base, its value being entirely in- 
dependent of n (Prop. B, [3]); and we have further shown 
(Prop. D) that, when the base of the system of logarithms is 
taken equal to 2:718281828 = 1, the value of A is reduced 
to unity; in this case, therefore, we have 


log, n = (n — 1)—5 (n— 1y +5 (n—1)— eee + &e. [1.] 


This system, therefore, having « for its base, has been called 
the natural system of Jogarithms, because it can be expressed 
in terms of n alone, and has unity for its coefficient. 

Now, we have (Prob. B, [3]) 


Az(b—1)— 5 (6 — 1)* + = (b— Ll)? — ... + do, 
an expression from which, by comparisop with [1] above, we 
immediately perceive that log, 8 = A, or that the value of A, 
the denominator of the constant coefficient = for any system 
of logarithms to the base 6, is equal to the Napierean loga- 
rithm of b. The constant coefficient . is called the modulus 


of the system to which it belongs; and to reduce logarithms 
having one base to those having a different one, it is only 
necessary to divide them by the modulus of their own system, 
by which they become reduced tw natural, or Napierean lo- 
garithms, and then to multiply them by the modalus of the 
system having the required base *. 


© See page 9. 
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Proposition G, 
Prostzm. To find the Napierean logarithm of b, when b 
equals 10. 


In the expression (Prop. E, [2]) 
a 2 ] 1 
a i= aier + 3(2a—1) F 


aa ton + te 
B2Qe0—ijp ~" 


if we put a = 2, and bear in mind that, as we want the Na- 
pierean logarithm, the modulus equals unity, we obtain 


2 1 1 I 


Performing the calculation, we have 
=: ‘833,333,838,8838 


wz ‘012,845,679,012 
= °000,823,045,268 


=z ‘000,065,321,053 


000,005,645 ,020 


j= Oy atm Rim CO] = 
s es e s e 


000,000,518,184 


pued 
i) 
J pm BI aE em cap tm 


000,000,048,248 


iw) 
& 


000,000,004,646 


lm &l= ale 
mes CO) 
jn" I 


000,000,000,436 


=~ 
oJ 
4 

a 


346,573,590,209 
2 


log, 2 m= 0°693,147,180,418. 
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Now, 4 == 2°, therefore logs 4 = 2 Jog: 2 = 
1'886,294,360,836. 
Again, let us put a = 5, we have then 
i) | i 1 l 
i le stemteptret es +-de.} 


and, performing the calculation, we have 


oe ‘1UI,L2E, 11,111 


9 
11 
3 ’ e = °000,467,247,871 

i 
om = -000,008,887,017 
_ == -000,000,029,869 
ae = ‘000,000,000,286 


°121,671,775,654 
a 


logs 2 cx 228,148,551,808 


Now, the logs : az logs 5 —~ log. 4; if, therefore, we add to 


loge the log: 4, as found ebove, we shall have 


228, 143,551,308 
1'886,204,360,886 
1:609,487,012, 144 
equal the log, 5; then, since log, 5 + log, 9 = log, 10, we 
v 
= 1:600,487,012 + °608,147,180 == 9-802,585,002, 
ee 10, to nine pleces of deci- 
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: Proposition H. 


Tarorneu. The logarithm of any number q to the base p, 
multiplied by the logarithm of p to the base q, ts always equal 
to unity; that ts, log, q .log,p = 1. 

Let log, q = /, and log, p =k; then p' = g, and q* = p 

If the firet of these, p’ = 9, be raised to the power of &, 
we have 

2 oh = gq’. 
But ¢ = p, therefore p':* = p, and 
lk = log, ¢ . log, p, must equal unity. 


Proposition I. 


Prosurw. To determine the value of log,s, + being the 
base of the Napierean system of logarithms. 

Comparing the expression for the value of A, given in the 
Scholium to Proposition C, with the formula [2] in the same, 
we see that A is the Napierean logarithm of b, or 4 =b; 
therefore log, 5 = A. 

Now we have, from Theorem H, 


log, b. log,s = 1, or A. logy: = 1, 


| 1 l , 
Therefore log, ‘= A = 9.802585002 x= 494294482. 


This is therefore the value of the modulus (Prop. F’] of the 
common system of logarithms. 
Proposrriow K. 


THeoreu. If a series of logarithms to the same base are 
in arithmetical progression, the corresponding nunibere twill 
form a series in geometrical progression. 


That is, if in b= n,, 6 an, 6° an, b =m, tho 
values ef the exponents of & are such that /,, /,, 7, 1. form 
an arithmetical progression, then will n,, #,, ",, ®, form a 
geometrical Soren 

resol be the common difference of the aritlmyptical 
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pts ms gat me gh A 


pt ae pat? gh? 


BY we Bat? gh 5? 
ke. fe = &e. 


Let a my, then, substituting in the above for 3°, af 
a's, b's, &c., their equals ny, n,, n,, n,, &., we obtain 


m,n, . Ny 
rn=n,. mh 
&. &c. 


Dr, we see that each term of the series n,, n,, n,, &., is 
wqual to the preceding term multiplied by the constant quan- 
tity n,; they are, therefore (Def. 9), in geometrical progres- 
sion, ny being their common ratio. 

Scrourum. It should be observed that, since 3? = My, 2, 


the common difference of the series of logarithms, is the lo- 
garithm of n,, the common ratio of the series of numbers. 


Proposrrioxn L. 


Prosrem. To daduce an expression for the limit of the 
increment of a logarithm, produced by any given increase in 
the corresponding natural number. 


If, in the expression Prop. E [1], we pat 5 +1 for », 
it becomes | 


we (}42) oh abt abt mtn 


‘Now log ( 5 + 1) = tog ( LO) a log (0 +1) — bogs, 
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the increment occasioned in the logarithm of 3, by in- 
creasing its value by unity. 


: . 1 1 l 
In the expression {5 — PW + 36° — 
l 


5 is greater than the sum of all the succeeding terms, and 
therefore 


te.) the first term, 


log (5+ 1) slog (6 +1) — log b < 2.5 [ah 


That is, the difference between the logarithms of two num- 
bers differing by unity, is less than the modulus of the system 
divided by the lesser of those numbers. 

Scuorrom 1. In the common system of logarithms, the 


modulus == = has been shown [Proposition I] to be equal to 
434204482 ; in this case, therefore, we have 


431294482 
log (6 af. 1) — log b < eae aaa COR OTEK OD oecees oe [3]. 


Scxotrom 2. In the case of the logarithms of several 
consecutive numbers, each greater by unity than the pre- 
ceding, putting m for the modulus of the system, we have 


log (6 + 1) — log d < + 


m 
log (6 + 2)— log +l < p45 


ede 
| b + 2’ 
from which we see that, as the numbers increase, the rate of 
increase of their logarithms decrease; thus, the addition of 


unity to 6 increases its logarithm by while the addition of 


log (6 + 8) — log (8 + 2) < 


unity to 6 + 1 increases its logarithm only rat when, 


_, however, 6 is a large number, 3 and 5 + 1 are very nearly 

nal, and therefore the rate of increase of the logarithms 

may be considered as proportional to i a cea 
o 
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ing numbeis, so Jong as the increment ef the latter is smell, 
as compared with the number itself. 


Prorositiex M. 


 ‘Exxonam. The sum of the logarithms of two numbers, is 
the logarithm of their product. 


Let » = log,m, and / = log, n, then 6” = m, and # se » 
Now. 

m.n=B, bi b*+! 
And because 
| b+! =m.n, 


therefore A +1 is the logarithm of m.x, to the base $; or, 
the sun of the logarithms of m and u is the logarithm of their 
product. 

Proposition N. 


Turonem. The logarithm of the quotient of two mumbers 
ts a hoe to the logarithm of the dividend, with the logarithm of 
the divisor subtracted from i. 


Let A and? denote the same as in the foregoing proposi- 
tion. Then 


And because 


nealing to the base’; or, the 
the quotient of 2 eee A eee oe 
Leaiiea Ye. ik ds leat of racted from tt. 
. Prorosrrion O. | 
"Taxonen. The logarithm of power of a number, is 
aqual to the logerithes @f that wumbor wonltpied by Ge so 
eran of Regen | | ee 
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Let A = log, m, then. 
am xb, 
mn? ==: B* Bx Bt, 
m*=b*.b*.b* bh, 
whee * 5 oP... oe bt, 


And because 
6" 4 os on’, 


therefore nd is the logarithm of m* to the base 6; or, the 
logarithm of tha nth‘root of m,*is equal to n times the loye- 
rithm of m. 


Proposition P. 

THeorem. The logarithm of any root of a number, te 
equal to the logarithm of that number, divided by the exponent 
of tha root. 

Let A = log, m, then m = 4"; let the square root of m x2, 
and the logarithm of # = /, then 


m=z. ob" =x b*, 
a 
therefore, 21 = A, and ¢ aE 5 


In Jike manner, if the cube root of m = y, and the loga. 
rithm of y = p, then 


ma y.y.y bY hb’; 


x 
therefore, 3p = A, and p = 5° 


And generally, if the ath root of mas, and the ! 


therefore, ng = A, and ga; 


or. the laganithes of the nth veet of m, i to the 
rithep of w, divided by n. eee — 
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Proposmox Q. 


Tueorem. In the system of logarithms whose base is 10, 
the mantissa is the same for the same order of figures, whether 
those figures are integers or decimals. 


If the figures composing the two numbers are in the same 
order, and only differ in the place of the decimal point, the 
two numbers may be made equal by altering the position of 
the point in one of them, which will, in effect, be multiply- 
ing or dividing by 10, for every place that the decimal is 
moved to the right or to the left. 

‘The logarithm of the number which has thus been multi- 
tiplied or divided by 10, or some integral power of 10, must 
have the logarithm of that power of 10 added to or sub- 
tracted from it, in order to be still the correct logarithm of 
that number; and it will then become equal to the logarithm 
of the other number. 

Now, the logarithm of any power of 10 to the base 10, is 
obviously the exponent of that power, and as the exponent is 
in » the logarithm of every integral power of 10 must 
iteelf be an integer, with no decimals or mantissa. The ad- 
dition or subtraction, therefore, of the logarithm of the 
power of 10, by which the number has been multiplied or 
divided, will not affect its mantissa, which will consequently 
be the same as before its value was altered. And therefore 
the mantiss@ of the two logarithms were originally the same. 


Proposrrion R. 


THeoreu. The characteristic of the logarithm of a number 
to the base 10, is always one less than the number of integral 
Figures tn that number. 


Let the number consist of only one integer; then its value 
must be less than 10; now the logarithm of 10 is 1-, there- 
fore the logarithm of the number must be less than that of 
10, and therefore its characteristic must be 0 (followed by 
some decimal), and in this case ig one less than the number 
of integers in the number, 

Then, let the number be successively multiplied by 10, 
and at the same time let the logarithm of 10, or 1, be suc- 
cessively added to the characteristic of its logarithm. 

Now each multiplication by 10, will add an integer to the 
namber, at the came time that it will add 1 to the character- 
‘iatio of ite logarithm, and therefore as originally the charatter- 
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istio was 1 less than the number of integers, so it will always 
continue, however great the number of integers may be. 


Proposrrion 8. 


Txeonew. In the logarithm (to the base 10) of a number 
less than unity, the characteristic ts negative, but the mantissa 
is positive; and the value of the characteristic is one greater 
than the number of cyphers between the decimal point and the 
JSirst significant figure, the number being decimally expressed. 

Let the number be multiplied by such a power of 10, as 
will make it have only one integral figure, and let that power 
be the rth; then the logarithm will have been increased by 
", and it will now have 0 for a characteristic (Prop. R), fol- 
lowed by a mantissa; both being positive. Let m equal tho 
value of the mantissa, now this must have been also its 
original value (Prop. Q); thorefore, since the logarithm 
now equals m, and n has been added to it, its original value 
must have been m—n,; that is, it must have had a positive 
mantissa equal to m, and a negative characteristic equal to n. 

Now the number of times (or m) that a decimal fraction 
must be multiplied by 10, to make only its first significant 
figure an integer, must be one greater than the number of 
cyphers which originally stood between that significant figure 
and the decimal point. 

Therefore the negative characteristic of the logarithm of 
a decimal fraction, is one greater than the number of cyphers 
between the first significant figure and the decimal point. 


CHAPTER V. 
Description of Logarithmic Tables. 


Brrore proceeding to give rules for performing the various 
processes of Logarithmic Arithmetic, it will be advantageous 
to describe generally, a few of the most useful Tables of 
Logarithms, so as to render the student familiar with their 
use, before he is actually required to employ them. 

The object of Mathematical Tables is to proseot in a 
concise form, and one easily referred to, two or more series of 
numbers mutually dependent upon each other. So that any 
numbor is one series being given, the corresponding number 
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in ‘Glther of the tftier series may be immediately found, vu 
inspection of the tables. The nomber given i termed the 
argument of the tables, and the number sought the resultant. 
Thus in the table a samy of which is given at page 33, 
the numbers in the left-hand margin and at the head of the 
tdble are the argutnent, by which we are directéd where to 
find the Togarithans of those numbers, which logarithms are the 
reviitants, When we thus seek in any colunm of a table for 
the aijument by which to find some other number, we are 
saill'to enter that column with the argument. For example, 
if we ate looking in the table at 83 for the logarithm of 
2665, we exter the column of numbers (distinguished by N. 
wt the top) with the argument 2565, and on the same line in 
the contiguous column we find the resultant 4000874, which 
is the logarithm required. 

Tables of the Logarithms of Numbers exist under a great 
neal of forms, and are calculated to a greater or less num- 
ber of decimal places, according to the purposes to which they 
are intended to be applied. For Astronomical and Trigono- 
metrical galculations, where considerable accuracy is required, 
tables are used in which the logarithms are carried to seven 

of decimals; for ordinary purposes tables of six places 
will be found ge ; and even in many cases five places will 
be sufficient. We shall describe some of the best and most 
generally employed tables, to seven, six, and five places. 

The best tables of the Logarithms of Numbers to seven 
places, are those by Bubbage, although for general use we 
should recommend Hutton's, which contain logarithmis sines, 
tangents, &c., to the same number of places, also the natural 
sines and tangents, and a great variety of other tables which 
will be found of frequent use. We have given on the oppo- 
site page as a specimen of these tables, a portion of one 
page of the same. 
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The nataral numbers which form the arguments of the table 
extend from 10000 to 107999, the resultants, or logarithms 
answering to them, from 4:0000000 to 5-03341973, the former 
being given to 5 and 6 places, while the latter extend to 7 and 
8 In the extreme left-hand column headed N, which 
is the column of arguments, only the first four figures of the 
natural numbers are given, the last figure must be sought for 
along the top of the table, in the line of figures immediately 
under the words “ Logarithin of Numbers,” and the result- 
ant, or the logarithm itself, will be found at the intersection 
of the two lines in which the two portions of the argument 
were found; that is, on the same line with the first four 
figures, and in the same column as the las figure. We ob- 
serve, however, upon looking at the table, that while the firet 
column of resultants (having 0 at the top) contains 7 figures, 
the other nine columns contain only 4. The explanation of 
this is as follows, the four figures given in these columns are 
only the four final figures of the logarithm, that is the 4th, 
bth, 6th, and 7th, decimals, the first three figures, or the Ist, 
Qnd, and 3rd, decimals, are the same as those of the loga- 
rithms in the first column of resultants, and being the same 
it is considered unnecessary to repeat them, as they may be 
as easily supplied from the first column, and considerable 
saving of space is effected by their omission. It is in order 
to allow of this saving of space, by the omission of the similar 
figures, that the peculiar arrangement of the tables, by which 
a portion of the argument is found in the side column and a 

ortion at the head of the table, has been adopted. It is not, 
owever, always the case, that the initial figures found iu the 
first column are the correct initial figures for all the other 
logarithms in the game line, because as the logarithms suc- 
ceasively increase, after a certain interval, the last of the 
initial figures or the 3rd decimal becomes altered in value, 
and this alteration is equally likely to occur in any one of the 
columns. An example of this occurs at the third line of the 
table, in which the initial figures 406 apply, as far as the 
column ‘headed with 7, they here, however, change, and in the 
next column become 407, and so continue until the ninth lins, 
in which they change to 408 in the colamn headed with 6. 
Various me have been adopted for directing attention to 
this change in the initial figures; in Hutton's tables it is 
shown by a line being drawn over the first figure of each of 
the ithms to which the altered initial figures are to be 
ied, and in bome other tables, as in Babbago's, it is 
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abown by the first cypher being put in smallor type, as 
| 0168 | 0838 | . 

It has been shown, in the conclusion of the previous chap- 
ter (Scholium 2, Prop. L), that with small increments in the 
natural numbers, the logarithms corresponding with them in- 
crease in arithmetical progression, so that the difference be- 
tween the successive logarithms remains constant for several 
logarithms in succession. Whenever the value of the difference 
changes, it is inserted in a column headed D, on the right of 
the table on the line in which the change occurs. Thus the 
namber 170 is inserted in the column D, on the fifth line, and 
indicates that the difference between two successive logarithms 
has changed from 171 to 170 in the Jine in which it stands. 
The differences change much more rapidly at the commence- 
ment of the table than near its conclusion. The difference 
given in this column is that due to an increment of one unit 
in the 5th figure of the natural number, thus 


Log of 25584 == 4:4079684 
25585 = 44070854 


} 170 
= on 


and as for any increment less than this, we may consider the 
logarithms to vary in arithmetical progression, to ascertain 
the logarithm of any number between those given above, the 
inerement of the logarithm to be added to 44079684 will 
bear the same proportion to 170, that the increment of the 
natural number does to 1; for example, let it be required to 
find the Jogarithm of 26584°6, here the incremeut ef the num- 
ber being -6, we form the proportion 1:0 :; -6:: 170: 102, by 
which we find that 102 is the corresponding increment of the 
logarithm, which being added to 4-4079684 gives 44070786 
for the logarithm of 25584°6. Again, if the increment of the 
natural number had been -06, the corresponding increment of 
the logarithm would have been 10°2. 

If now we divide the whole difference 170 by 10, we obtain 
17, the difference corresponding with an increase of one unit 
in the sixth figure of the nataral number, the double of this 
or $4 for two unite, the treble or 51 for three units, and 90 
on; and each of the numbers so obtained will be. the incre. 
ment of the logarithm corresponding with an increase of. that 
number of units in the sixth figure of the natural number. 
The increment thus obtained, fur each of the nine units, is 
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- ipsetted in on adjoining column (headed “ Pro.,” an abbrevia- 
tion of Proportional Parts). 

6 natmbers contained in these little tables ere, aa already 
explained, the increments of the logarithm for an increase in 
the ‘siath figure of the natural numbers, they express, how- 
‘ever, the in ts for the units im the seventh piace of the 
‘nataral number when divided by 10, or for the eighth when 
livided by 100. Thus, suppose the logarithm of 25608587 
were: required, we derive at once from the table the logarithm 
of the first five figures, to which we add the proper increment 
for eath additional figure, derived from the little table in the 
‘vight-hand column. Thus— 


Log of —.._: 25608000 is 7:4083757 


~ Increment for 500 ,, 85 

a 80 ,, 136 

” 7 » 119 
Therefore the log of 25008587 ,, 7:40893857 
eee EE 


These little tables of p ional parts are of equal service 
im finding the natural numbers corresponding with any given 
Jogarithm. Thas, if the logarithm given were 4:4074327, on 
‘Jooking in the table we eee that the next less logarithm is 
4:4074249, which correeponds with the naturel nomber 
25552 ; then subtracting the logarithm taken from the table, 
from the given logarithm, we obtain the difference, 78; look- 
ing in the second column of the table of Proportional Parts, 
we find st the next less difference, 68, the number 4, 
‘which is sixth figure of che number required; we have 
still 10 left, to which adding a noaght we obtain 100, and the 
néakest number im ihe table being 102, against which we find 
6, that ie the seventh Agare required. The nomber anewer- 

g to the logarithm 44074249. is therefore 2555248. 

in these and all the beat tables of logarithms. the chayac- 

teristic is omitted, the tables containing only the mantisas of 
the logasichm. ‘The characterietic must be added in accord- 
ance with the rale given at page 11. 

‘We next pass on to describe tables of logarithms fo aiw 
‘decimal places. As a specimen, we have given a page frou 
the.‘ Matheutatical Tables,” forming one of the same -sories 
‘on the present: work. | : 


No. ago L. 380.] 

N. ° I 

240} 380211 | 0392 
tr} 2017 | 3197 


7940 | 8114 [8287 
| 9847 | ca20 | 192 | 0365 
B 40140! | 1573 | 1745 
3292 | 3464 
§00§ | 5176 
6710 | 6881 773% | 7901 | 8070 
84101 8579 9426 6 
0102 | 0271 0946 | rri4g 
1788 | 1956 2629 | 2796 | 2964 | $132 
3467 | 3635 4305 | 4472 | 4639 | 4806 


$440 | $307 
6973 


0236 
1933 | 2097 
3574 | 3737 
§208 | $371 
68 36 


0236 | 0398 


a 3 | 4 

35° | $34) 712 

35°4 | $31 | 70°8 | B85 123°9 

4§°2 | §2°3 | 704 6 | 123°2 | 140°8 
o | §2°5 | 70° : ‘O| 122'§ | 140'0 

34°38 | §2°2 | 69°6 | 87° "4 | 33173 | 139° 
44°6 ‘ ; nats | 138% 

34°4 | $i 120°4 | 137°6 

44°2 : 61 t19°7 | 156°8 

wo 1 51° 85° 0} 1ig'0 | 136'0 


33°3 | 138°4 | 139° 
33°6 | So : 117°6 +34'¢ 
334 | sors | 66°8 | Sg 1169 | 533° 
33°2 . s16-2 11 32°38 
370 : ‘o | 82: 1498S | 192°0 
32°83 : : ; mi rtge8 | gies 
32°6 * € . 9 e $14‘8 30° 
a4} Bj S10] 97'S) Fis'o ft 

gf 3 96°6 | 512°7 | 1283 
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This tadlo contains the logarithms of every number less 
than 10,000 to six places of decimals, and in their general 
form and arrangement are very similar to those just described. 
The natural numbers which form the argument of the table 
are given to four places, the first three being found in the 
left-hand column, and the fourth at the head of the table; 
the first throe figures are also repeated in the Jast column, 
to facilitate the use of the tables. In the first column of re- 
sultants the whole six figures of the logarithm are given, but 
in the succeeding columns only the last four, the two initial 

figures me supplied from the fea column. In these tables, 
a horizontal line is introduced to separate the logarithms 
which have different initial figures. the line being made to 
break, or step up, when the change in the initial figures oc- 
curs other than at the commencement of a line. Thus in the 
middle of the sixth line the initial figures change from 88 to 
30, and this is indicated by the line thus 9875 | 0051, the 
formor of these being 889875, and the latter 890051. 

In these tables also the 2 aaa Papin are somewhat 
differently arranged. utton’s and other logarithmic 
tables, the line in which the difference changes its value is 
shown, but each line contains ten logarithms, and there is 
nothing to indicate between which of these logarithms the 
change occurs; in the tables now being described, the number 
corresponding with the i erie at which the chahge takes 
place is given in the left-hand column, and on the same line 
will be found the proportional parts for each unit constituting 
the fifth figure of the natural number. Thus, let the loga- 
rithm of 246057 be required; here we obtain the logarithm 
of the first four figures at once from the body of the table, for 
the increment to be added for the other two figures we look 
in the table of proportional parts, and on the aame line with 
the first four figures of the given number, and in the same 
column as the fifth figure of the same. we find the propor- 
tional part to be added for that figure, and on the same line 
and in the same column as the sixth figure, we find the pro- 
portional which, having first been divided by ten, must be 
added for that igure. Thus— 


The log of . 246000 is 5-890985 
Increment for 50 ,. 88 
¥e 7 $3 12°89 


Therefore the log of 246057 ,, 5 301086 
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If the first four figures of the number are not exactly found 
in the first column of H Ae daca parts, we must take the 
next less number. bus, bad the given number, whose 
logarithm was required, been 254371, we must have looked 
for the proportional part for the last two figures in the line 
having 2532 in the left-hand column, those being the next 
less numbers to 2543. 

To find a number from its logarithm, the application of 
this table is very simple. We must take the next leas loga- 
rithm in the upper part of the table, and the four first figures 
of the corresponding number will be obtained; we must 
then take the difference between the given logarithm and 
that found in the table, and, looking in the table of propor- 
tional parts, on the same line with the first four figures just 
found (or the vext less to them), for the next less number to 
this difference, the figure at the head of the column in which 
it Is found will be the fifth tigure of the required number. 
Then, if the difference found in the table be taken from the 
difference sought for, and a nought be added, the number at 
the head of the column in which this second difference may be 
found (on the same line as before), will be the siath figure of 
the required number. Thus, what is the natural number 
whose logarithm is 3:416369 ? 

The given logarithm . = 3:416360 
Next less logarithm =. = 3:4!0308 = the log of 2608: 





61 = let diff. 
Next less diff.intablo . . = 496 = aH 
112 = 2nd diff. 
Nearest diff. intable. . . =116<= U7 
EE 
Therefore the number required 1s 2608°37 


Sachasiesesiaes 
Again, what is the natural number whose logaritha: is 
§°394564 ? 
The given logarithm oz 5304564 
. Next less logarithm . == 5394452 = log of 248000 
112 a= Ist diff. 
Nest less diff in table. . = 105 = 


40 = 2nd diff. = 4 


Rese seritopmeimnprinsees” 


Therefure the required number is 248064 


t 


eS ee er te 
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The: ine table of logarithms which we shall describe -are 
those reprinted, under the superintendence of the Society for 
the Ditton of of Useful Knowledge, from the tables of Lalande, 
Published in France. A specimen of these tables is given 


3960” = 1°6’ o” 3990" = 3° 6 30" 
Bam. log. ° Nom.| Log. 


8 “$9770 3990 | ‘60097 
1 59780 + | 399% | ‘60108 
3962 "$9791 3992 | ‘60119 
3963 | “59802 | ., | 3993 | Sorgz0 
1 3954 | “S981 3994 | Go141 
3965 | ‘59824 3995 | ‘So152 


3996 | 60163 
"60173 
ieaika 


4°48 oaks 
4°33 

4034 60574 
4035 | “60584 | 
4036 | ‘6059 
4037 | “60 


4038 | 60617 
40939 | “60627 
4040 | -60638 


gorr | 60325 
4012 | *60336 
4013 | -60347 


| 40l4 bosts 
401§ | +603 

4016 | -60379 

4°17 | -60390 

4018 {| ‘Gogo! 

4019 | ‘boars 

4 4020 | 60423 
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They are only carried to five decimal eae and their 
arrangement is quite different from that of the tables already 
described. They contain the logarithms of every consecutive 
number from 1 to 10,000, the arguments and resultants 
being placed in parallel columns, and the differences between 
the logarithms being given in a third column on the right 
hand. In these tables no proportional parts of the differ- 
ences are given for the several units in the fifth place of the 
natural number, but they have to be found by proportion in 
the manner explained at page 35. 

Thus, suppose the logarithm of 89604 were required: we 
immediately find, from the table, the logarithm of 39690 to 
be 4:59868, but we know this to be too small, and we want 
the proportional part of the whole difference, 11, to be added 
for the four units in the fifth place of the natural number. 
Now, the difference, !1, corresponds with an increase of ten 
unite in the fifth figure of the number, therefore, as 10: 11 
:: 4: 44, which is the proportional part required. The 
rule, therefore, for finding the proportional parts is as fol- 
fows :—~Multiply the difference given in the third column by 
all the figures of the natural number, except the first four, 
and point off as many decimals in the product as there were 
figures in the multiplier, the integral portion will be the 
proportional part to be added to the logarithm. In the ox- 
ample above we have 11 x ‘4 = 4:4, the integer of which 
being added to 4'59868, gives 4°59872 for the logarithm of 
89604. 

Again, what is the logarithm of 403567? The logarithm 
of 403500 is 5 60584, and tho difference, 11, being multi- 

lied by 67, is 787, from which pe off two decimals, 
Teaces e integer 7 to be added; therefore, the logarithm of 
403567 is 560591. 

To find a number answering to a logarithm, from these 
tables, proceed as follows :— Look for the next lees logarithm, 
and the number answering to it will be the first four figures 
of the number required. Then take the difference between 
this logarithm and the one given; to this difference add as 
many cyphers as additional figares are required, and divide 
by difference given in the thicd column of the tablo, 
the quotient will be the figures to be added to the first 
four slrondy derived from the tebtes; the position of the 
decimal oo will bo determined by the value of the cha- 
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carrey is the number answering to the lo 

Nene lose iecsnthes - S300as = 4090 

| 560 ~ 10 = a 
4020'5 


Pe Sete 2) 
Therefore 4020°5 is the number whose logarithm is 
8°60428. | 


| in, what is the number answering to the logarithm 
weonie? 


Logarithm given . . =e 4°60719 
Next less logarithm . sx 460713 = 40470 








600 lie 6° 





40475°4 
TEER 
Therefore 40475°4 is the number whose logarithm is 
4°60719. 


Having described some of the principal tables, and ex- 
plained the method of using them, it will be desirable to 
show how many figures may be relied upon as accurate, in 
oh obtained by tables of five, six, and seven decimal 


: Let us have the logarithm 8°17284 given to five places of 
decimals: now tho real value of this logarithm, if expressed 
to a greater number of places, might, for aught that can be 
ihe be anythi — bi ston nn ages and 
might therefore differ from ogarithm given by v 
nearly -000005; which then is the extreme limit of the 
difference which tables to five places will show; any differ- 
ence less than this might occur without any change in the 
value of the logarithm, as given in the table. 

It has been shown in Prop. L [8], page 27, that the dif- 
ference between the logarithms of two numbers, which differ 
only by unity, is less the modulus of the system divided 
by the lesser number, or, in the case of ee ee 
than ‘434294482 divided by the lesser number. Now, the 
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difference between the true logarithm and that given to five 
places may, as we have shown above, be nearly equal to 
000005, which is therefore less than -4842045 div; 


"4842045 

000008 wz 868589, 
That is to say, that unless the number, whose logarithm is 
given, is less than 86859, its value cannot be determined 
with certainty beyond four figures; but that if less than 
86859, the first jive figures derived from the table will be 
true. 

Tn a similar way it may be shown that, when working with 
tables of logarithms to six decimal places, the first siz figures 
of the result may be depended upon if less than 868589, but 
if greater, only the first five figures must be kept. And in 
the case of logarithms to seven decimal places, if the result 
is less than 8685800, seven places will be accurate, but if 
greater, only siz. Generally, in any tables of logarithms, the 
result obtained may be considered accurate to as many — 
as there are decimal places in the logarithms, provided the 
mantissa of the logarithm is less than -0888, but if greater, 
then the result will only be accurate to one less number of 
figures than the decimals in the logarithm. 


the number, or the number is less than 





CHAPTER VI. 
Logarithmic Arithmatio 
WE next proceed to the application of logarithms to the 
ordinary processes of arithmetic, and to illustrate and explain 
their general use fur the purposes of calculation. The 


references following the rules show the proposition in Chapter 
IV., in which the rule is demonstrated. 


To rixp tHE ARITHMETICAL ComPLEMENT oF A LOGARITHM. 


By the arithmetical complement of a Jogarithm is meant 
the remainder left by the subtraction of the Jogarithm from 
10. Thus the arithmetical complement of 3241735 is 
10000000 — 8-241735 = 6'758266. Its great use is in 
division, as will be presently shown ; for if, instead of sub- 
tracting a logarithm, we add its complement, and subtract 10. 
we obtain the same result. To find the arithmotical comple 
ment employ the following rule. 


Gee) from. 9; when tha charatieristhe ts negative, is wrist be 
9 
i. EXam Pius, 
Whe arithnetical complement of 5°641642 fs pat bod 
bh ” a'170630 , 7° 36 
" n T-a17094 » 10°78a966 
* ” 7173680 , 12°826320 
” - : 4607218 ,, 6°392782 
” ” 0°714000 ,, 9°286000 
MULTI PLACATION. 


Rore.—To mu he two or more numbers together, add 
their eka , sum will be the logarithm qf their 














product (Prop. M 
EXamPira, 
Maltiply 963% by 42. 
— of 5631 = §°750586 
4a = 1°623289 
5°373835 
5°373831 = log of 236500 
40 = a 
Anewer = 236502 
Ress 
Multiply 5s, y$4, and 6 together. 
Logarithm of 52 = 1° ee 
” 734 = 2°36559 
” Euo 1§13 
$°359850 
5°3$9835 = log of azgoco 
150 m 3 
Answer @ sago08 
RETR 
Multigly 63, 28, and 65 tegether. 


Lagprithen of 6: & 1-785930 
» RS wm 1°942488 
» . 6g =» aBiagry 


4°940666 = log of 87330. 
SSeS 
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Drvmroen. 


Rote.—To divide one number by another, subtract the loga- 
vithm of the divisor from the logarithm of the dividend, and 
the remainder will be the logarithm of the quotient (Prop. N). 

Exampras, 
| Divide 1 r6q by 4 
Logarithm of accra 


4 = 0602 





2°463893 = log of ag. 
EES 


Divide 116908 by 5314. 
eee of a ae = OTE, 


Logarithm of 116908 = 5.067845 
6s $314¢ @ 3°725428 


1°342423 = log of 22. 
oe] 


Instead of subtracting the logarithm of the divisor we may 
add its arithmotical complement, the result, with 10 sub- 
tracted from the characteristic, will as before be the logarithm 
of the quotient. Thus, in the example above, the arithmeti- 
cal complement of 3°725422, the logarithm of the divisor, is 
6:274578, which added to 5:067845, gives 1:342423, the same 
answer as before. This method will be found very convenient 
where it is desired to divide one number by several others ; 
we have, in such a ease, only to add to the fegarnhm of the 
dividend, the arithmetical complement of the logarithms of 
the several divisors, and subtract from the characteristic as 
many tens as there were divisors, the result will be the loga- 
rithm of the quotient. 


Divide 579416 by 4, 23, and 47. 
Logarithm of . . SIS pa dae Lia 





is lal i for 
‘bu 4°5 
7 579416 me 5°76 
ore "aes 397940 os 
cat 38272 
” » 47 = $427908 





3'127104 = log of 394, 
GE 


48 RUDIMENTARY TREATISE 


Proportion, on THe Roce oy THREE. 
Questions in proportion, or the rule of three, may be re- 
solved with great facility with the aid of logarithms. 
Ruis.—Add together the logarithms of the taco middle terms, 
and from their sum subtract the logarithm of the first term, 
the remainder will be the logarithm of the fourth term, or 
ity required. Or, instead of subtracting the logarithm of 
the first term, add its arithmetical complement and subtract 
10 from the characteristic. 
EXaMPLes. 
If x in 47 days, excavate 5631 cubic , what of time 
will it fake them $0 secavals 47280 Subie yards? aie ia 
Or, as 5631 : 47 3: 47280 :1 


Logarithm of . . . 47280 = 4°674677 
oat. eg 47 = 1°672098 





6°346775 

Logarithm of . . « §631 = 3°750586 
2'596189 = log of 394°626 
Ses 





By the second method :— 
“on of. . . 47280 m4 ‘674677 
47 = 1°67209 


Arith. comp. of log of 5631 = 6249414 
2'596189 as before. 
mies 





If an engine of 67 horses’ power can raise from a reservoir 57,600 cubic 
et of cater in 8 given tek, vent eres yore will be req to raise 
8,575,000 cubic feet in the same time ? 


Or, as 57,600 : 67 :: 8,575,000 : f 
Logarithm of . . . eld ena 1 a 


” - 8 67 = 1° 





3°759309 

Logarithm ef. . .  §7,600 = pe Vat 
3°998387 = log of 9974'4 
bai iiirae sti 


* Or :=~ 
Logarithm of . . + Asysnee = = 69332 
Arith, comp. of log of  §7,600 = = hes 


3°998887 as before. 
Es 
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InvoLurTion axD Evo.orion. 

Involution is the process of raising a namber to any power 
of iteelf, and evolution is the extraction of any a of a 
number; both these processes are very readily performed by 
means of logarithms. 

Ros.x J.—To raise a number to any power desired, multiply 
the logarithm of the number by the exponent of that power, and 
the product will be the logarithm of the power required. 

Roig Il.—To extract any root of a number, divide the 
logarithm of that number by the exponent of the root, and the 
quotient will be the logarithm of the root required. 


Bxamrcas. 
What is the square of 745, the eube of 67, and the 7th power of 81 
Logarithm of 745 = 2°372156 
2 


5°744312 = log of 555025. 
Re, 
Logarithm of 67 = 1:826075 
3 
5°478225 = log of 300765 
REET, 
Logarithm of 8 = o-go3090 
7 
6°321630 = log of 2097152 
EEE 


What is the square roct of 4225, the cube root of 6869, and the 6th rect 
of 1176491 


Log of 4225 = 3°625837 + 3 m 1°812913 = log of 65, 
Lng of 6859 = 3°836261 + 3 = 1°278754 = log of 19. 
Log of 117649 = 5'070588 + 6 = o'$45098 = log of 7. 


When the number to be involved to any power, or whose 
root is to be extracted, is a docket its ee oe be 
negative; in this case, in maltiplyin ogarithm by an 
number, it must be borne in selaa teat the mantises is 
tive, and therefore that any figures carried from the multipli- 
cation of the same, must be deducted from the characteristic, 
instead of being added to it. 
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; Bzawriae 
What is the square of ‘25, the cube af “058, and the sth power of +9784! 
 Legarithm of = -25 = 1-397940 
: 2 





3795880 = log of -o625, 
saencbaasatad | 
_ Legaridum of -053 = 3°763428 
3 
4290284 = ley of a00rgs1 1s. 
eps, 


Logarithm of -9784 = od 





¥-952580 = log of -89656. 
aad 


In dividing a logarithm with a negative characteristic by 
any number, if the characteristic is a multiple of that number, 
or is divisible by it, proceed to divide in the usual manner, 
remembering, however, that the new characteristic will be 
negative. Should the characteristic not be divisible by the 
number by which it is required to divide the logarithm, 
separate the mantissa from the characteristic, and add to each 
such a number aa will make the characteristic divisible, then 
divide each of the sums by the number, and the quotient will 
be the characteristic and mantissa respectively of the loga- 
rithm required. The equal numbers added to the character 
istic and mantissa, must of course be considered negative in 
the first case and positive in the other. 


EXAMPLES. 
What is the square root of :209 
Logarithm of -209 = 1°310146 1, 
Adding — 1 to the characteristic we have 2 -+ 2 = 1, the new character. 
istic, and slding 1 te the mantisen we have 1°320146 -- 2 = - 660073 for 
the new aunties, therefore 1°320146 4-2 = 1°660073 = leg of "45716 a 
ne square roet ef *209. 
ae What is the cube rect of -ooorgs112 $ 
meee cy oggaithi of conrg st 1a = 4290384. 
aAtanbpe gu 2 for the charncteristic, and ‘agoat, + 2 = aagoaly 
af a a for the mantion. Therefore, 4290084 + 3 = 5-764498 
o~ M = “OSS. 4 , ws 


‘She Sour epenstions just described, namely, Majtiptica 
Division, Involution, and Evolotien, cmmpree .aptaally.. 


id 
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whole of the processes in the performance of which logarithms 
are potia0e and when the student is conversant with these, 
he will be able to apply logarithms in a variety of casea in 
which their use will be attended with the saving of immense 
labour. 

As an exerciee in the preceding rules, and more especially 
in their practical application, we shall give a variety of useful 
formuls, logarithmically expressed, and illustrate their use 
by examples; at the same time, that they may not be merely 
exercises, but may prove useful for reference, we shall arrange 
and classify them under their proper heads. In the following 
formule the letter A will be used to denote “logarithm of ;” 
thus, A a, will mean tho logarithm of a, or the quantity for 
which a stauds; and 2 A (2' + y) means twice the logurithm 
of the quantity inclosed within the parenthesis, or y added to 
the square of 2. All the lineal dimensions are given in feet, 
all the superficial dimensions in square feet, all the solid dimen- 
sions in cube feet, and all the weights or pressures in avoirdu- 
pois pounds, unless where it is otherwiso exprossly stated. 


INTEREST. 


Simple Interest.—[{1.] Add to- 
gether the logarithms of the prin- 
cipal, the rate, and the time, and 
from the eum subtract 2; the re- 
mainder will be the logarithm of 
the interest. 


0232535 
02540 
‘ca6jah5 
03743496 

1028367 

029383 

"0303973 

0314085 

033417 


Compound Interest.—[{2.] Find 
the seacat of £1 arabe given 
rate of interest for the firat term ; 
this ie called the ratio, and the 
logarithm of the ratio for such 
rates of interest as are likely to 
be need ives in the annexed 


ante One tr be 


i 
i 
i 
1 
1 
a 
a 
2 
2 
3 
3 
3 
3 
4 
4 





tar a 


Muysunation. 
Triangle.— Let a, b, and ¢ be the throes sides, d = § (a +65 +, anda 
(3.] aa m § fad +a (d—a) +A G@—Dd) + 2d —c)}. 

n 


2 
£ 
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4-} The logarithm of the aren twiee the of caw 
ot Se ndey logarithen equals legechae | 
wage der 163] The loguitem of the aren oqeale the bogie of te 
‘ol —Laet.t equal the of of the the number 
seriiven Tat ata th a ae eee 


[6.]* a4 = "99794 + aal-tan 4 a tan (P=) _ i 
Cirele,—Let d equal the diameter, c eyeal the sircumference, and a equa] 
the area; then 
{7-] AG em “g0285 + AC—1 m 60206 +AG—Ac = O5Hss + AAG. 
(8.] ac = 49715 + Ad = ‘60206 +140 —Ad = 'ssobos + gaa. 
[9.] A@ = ‘B9509 + 24d —1 ='gQ0079 + 2Ac— 290794 + AG + 


rAe— 1, 
reeds ete Lat 1 ae Shermans atcoreah he mokrers ot te ee 
degrees, and / ite length ; 
{10.] AZ wm 12418776 +Ar+Am— 2. 
Circular sectors ee eee ee Oe a 
other letters as in [10]; then 
[13.] Aa m 69897 + ArtAL—1 358456 +2rAd+am— g. 
nai asd oq! eae cee y, and y, the corresponding 
[12.] Aa m Ba3909 + Az +A (29,) — 1. 
[13] Agyym § (Ate + ary, — A 2). 
oqanl i any eta cad Paad ir eipana oes Shear alia also let a equal 
ene neney nat poral the peripwety) thee 
(14.] Aa m ‘89509 4 Ac+AI—1. 
{t5.] Ap ‘196128 + a (6+ ¢). 
[16.] Aymac+ gaz, + 4axr,—At 
Formule [36} applies also in the case of the Hyperbela. 


ei ripalle 17.) The thm of the cubic 
wpa ogee gre oe the base to the logarithm 


Y or Cone —Let ¢ oyna the aren of the base, A ite perpendicular 
ht, endo its solidity ; then 
(18.] Ae = 824909 + Aa+ah— 1 
~Let d equal the dinmeter, ¢ eal the circumference, s equal the 
, and ¢ the surince; then 7 
“Yrg.P av WA + rem bg6487 4 2nd m “500837 +220 — 1 
7 eden 19 + inet are Ya bere 








© The logurithanie tan a cpr lieder _— 
fs to mat be honed fr Se prvenarval eb ss 
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Regular Bodies —Let | equal the length of any linear 
eclidity, « equal the surface, and a and 6, numbere obtained 


i 
£ 
5 


{a1.) Ae =: 


@ b 


0'238 5607 1071 3486 


O'7781513 0'0000000 
0°5395906 | 16730624 
t'3t48301 0°8844056 
0°9375306 | 0°3387940 





TRIGONOMETRY. 


Plane Triangles.—[23.] Given two sides of a triangle and an angle 
+ sacle hetarn th Aeeri to find the angle opponite to the other one, ROLB:— 

o the logarithmic sine of the given angle add the arithmetical complement 
of the logarithm of the opposite side, and the logarithm of the other given 
side; the sam with ro subtracted from it will be the logarithmic sine of the 
angle required. 


[24.] Given two angles and a side opposite to one of them, to And the side 
rca the other one. Koin:—To the logarithm of the given side, add 
arithmetical complement of the logarithmic sine of its opposite angle, and 
the logarithmic sine of the other angle; the sum with 10 subtracted will be 
the logarithm of the side required. 


wd When two sides and the included angle are given, to find the third 
ide. Ruiz :—To the logarithm of the diference of the given sides add the 
arithmetical com t of the logarithm of their sam, and the thinis 
gent of half the sam of the angles opposite the given sides, the eum 
10 eubtracted will be the logarithmic tangent of half the difference of 
those Then to the arithmetical complement of the logarithmic cosine 
of balf the said difference, add the logarithmic cosine of half the sum of the 
atm angles, and the logarithm of the sum of the given sides; the sum with 
10 subtencted will be the logarithm of the third side required. | 


{26.} When the three sides are to find the angles. Ruiz: To the 


i complement of the logarithm ef the est side, ald the logn- 
sum of the other two sides, and iss ogee of the difference 
y barn 10 | 


! 


the 
differince of the cog of the base or longest side. Then half this diffor-: 
ee the base will equal the longer segment, and | 
it.will equal the sherter ene. i wae 


ne RUDIMENTARY TREATIDE 
Rightangiad triangtes.—Let & equal the hypotenuse, b equal the base, 
aad p equal the perpendicular ; then : 7 


: (27.] ak mga +p). 
s [28] 2b me Qa (At — p%) om ha (h+ p) + 4a (h — p). 


{29.] Ap me a (A? — b*) we ga (b+ 5) + 4a (4 — Dp. 
Mecnaxics. 


Vis vivd.—Let w equal the weight of a body, v its velocity in feet per 

svond, and y ite vis viva ; then 
(30.] AV = 1°07732 + AwW+ 2Av. 
Action of gravity.—Let # equal the space passed over in ¢ seconds, and # 
the velocity as above; then 
(31.] As m 69797 mw AL+ AY — Iw 2°205702 + 2Ai—1 
m *390238 + 2A9— 2. 
(32.] Aw = 1°507732 + ACM “40103 -As—AL m “QO48Br + LAs. 
[33-] At m= ‘492268 + AY — 2m -30203 ++ As— AY 
m 306649 + §A8 — 1. 

Pendulums.—Let ¢ equal the time in seconds of one vibration in a very 

small circular arc, and ¢ the length; then 
(34-] Atm 251016 + gal. 

Central forcea—Let w equal the weight of a body moving in « circle 
whose radius is r, with a velocity of » feet per second, and let f equal the 
ecntrifugal foree ; then 

(35.] AS m 492268 + 2A0+ AW — Ar — 2. 

Arches.—Let % equal radins of curvature at crown, b equal breadth of arch, 
w equal vertical weight on every square foot of the key-stone, including its 
se weight, and Pr equal the thrust or horizontal pressure on the key-stone ; 

en 

: {36] APmAR+ASK+ aw, 
Also let d equal horizontal distance of center of gravity of half the arch 
from its le ia ry equal the rise of the arch, and w equal the weight of 
half the arch ; then 

{gr jJarmaw+ad—ar. 

Retaining walls.—Let h equal height of wall, r equal against 
wall, acting horizontally at ove-third of the height of ths wall abere lac babe, 
and 6 a number obtained from the anneted table; then 


(38.] Ap waadts, 


RMateris! supported by wall. 
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Resistance of air.—Let « equal the area of a thin surface moving through 
ee cee et ee w fect per second,’ and 2 equal the resistance ; 


(39.] AR = 230449 + aAv+rAa—a 
Resistance of waier.—The notation being the same; then 
[40.] am = ‘98945 + 2Av+Aa— 1. 


Hypravrzics. 


Discharge through pipes.—Lot d equal diameter in inches, q equal quan- 
dity af wane dec in cubic deck ae Galnvate; 4 equal the Wragih af ike 
pipe, and A equal the head; then 
(4) Adm yf 2rqt Osis tai+ gad) —avah—a}. 
(42.] AQm AL 13485 + AA+ sad —a (i+ 42d) }. 
(43-] Ad wm 179485 + AA+ SAd—2A0 
(44-] AAm “6515+ 2AQ+al(l+ gad) — 5Ad—2. 
Discharge through canais.—Let a equal sectional area of canal, p equal 
the wetted perimeter, / equal length, A equal corresponding fall, and » equal 
the velocity in foet per second; then 
(45-Javm ro61142 4+ Qf ra+rh—Ap—Al}. 
Discharge over weirs.—Let d equal the depth of water flowing over the 
yal its breadth, and q equal the cubic feet discharged in a second ; 
t 


[46.] Aq = °511883 +2484 Jad. 


STRENGTH oF MATERIAL. 
Tensile strength.——Let a equal area in square inches, w equal weight pro- 
ducing fracture, and 4 equal number in column 2 of annexed table; 
{47 J Awemra+ a, 


Strength to resist Crushing.—Let a equal the area in square inches, w the 
void pre J fracture, and pw nambers in column 3 of annexed table ; 
then when the beight of piece is between once and 4} times its diameter, 


{48.J aw waa+s 


q 


(49) Aw= g6aAn—217A01 406. 


© Professor Hedgkineon’s Peemale. 


4 





" Ego Aw oa — 4! — ry Alm oggeay a nis 
When the column js solid both ends are Ast, and the bength is not ices 
qhan 30 times the diameter; then 
{st.J AW = 376A D— 1700+ 471843 + 6. 
When the column is Aollow ; then 
[52] aw = ne 1701 + 473217 + © 


neverse strength of a ular bar.— Let b equal the breadth and d 
the vg both in inches, hes equal the length, w the breaking weight, and p 
the number in the fifth column of the annexed table; then 


{sz.Jawwab+te2ad—al+p, 

Transverse strength of Professor Hodgkinson's girder.—Let a equal area 
ee ae, and d, w, and ( have the same meaning as above ; 
then 

(54-] Aw = 3685921 + Aa+tad — al 


Deflexion.—Let hg the deflexion in inches with the weight w, and 
equal the numbers in the sixth column of the annexed table; then 


[55] Adm gal+aw—ab—3ad—-z 


Castiron . . , * 14253338 $'O32417) 15173186 3310693 4°629338 
Wrought iron . 1414973] 3°359836'4" oes 
Bteel ee : “2 26910 


Bim . 
e 


16} 3°586587) o-209515 2745 55:3" 
0°068 186! 2°56702 





The following collection of examples apply to the foregoing 
formule, reference being made by the numbers in theses. 


Only a portion of the examples are worked out at length, but 
answers are given in every case. 





Bxamruns. 
[1.] What would the interest at a4 por cent. upon £3653 for 7 yrare 
amount to 
Logarithm of 3653 = 3° yeeese 
» 45o Sear 
” 7 = o 84509 
5060961 
a 
3060961 = Leg of 1150°69, 
SEES 


os Answer is @rt40 tgs, 


| 
: 
ee ‘ , ately : 
ae Tee, se i wl ' 
i LORD TOR NS. q 

v4 ake mt x 


would £ 6 
oe eidncea ‘Perennt, commpannd interest yearly, 


Log of ratio from table = 0'0253059 
a3 
= 
Logarithm of 364 = 2°56110 
3°103337 = Log of 1268'05- 
OS 
.. Answer is £1268 1. 


{2.] What would £100 amount to at the end of so years, put out te 
aunual compound interest at 5 per cent. ! Ans. £1146 152. 


atl? The sides of triangle are respectively 564, 373, and 746, what ie 


Log of d = § (564 + 373 + 746) = 2°92551 


Log of (d — a) = (842 — 564) = 2'44.4045 
a id — = 
tot = A hs es 


2)10°0238151 








5011405 = Log of 1026°6:, 
SEES 





Therefore the area required is 1026°61, 
iS) NS te ares of a square, the length of one side of which ie 
56°24 feet 1 Ans. 3162°94. 
(53 What is the aren of a rectangle, the length of whose sides is 1 5°6 and 
16-3 Ans. 252'62. 
‘ 6.) A latin aera a tal 12 sides, each of which is 5°06 feet 
sont 75° 
Logarithm of i = 5:06 = 0'704151 
1°408303 
Logarithmic tan of 75° acouaieis 
Logarithm of mh = 123 = 1'079181 
“397942 
peotee: 


Logarithm of aren = 2°457371 ~ 286663. 
OERLENS 


{ed ‘Whaat fs the aren of xx eotagenal room, cosh side of whieh is 5 feet! 
Am. 180°971. 


56 RUDIMEKTARY TRAATISE 
“fy, %, wid 9.) ‘What ‘is ‘the ‘circumference ‘and area of a citcly whoew 
diameter is 21°72 feet! ? ae 
| ' Legarithes of d == 21°72 = 1°336860 
‘497150 


Logarithm of circumference = 1'344010 = 68°26. 
2 








3°663020 
o°g00790 


4°568810 
yd 








Logarithm of area == 2°568810 == 370°52. 
— iaszaaNS 


[7, 8, and 9.] What is the diameter and circumference of a circle whose 
ares is 562 square feet ? 


Ans. Circumference is $4'0376 feet, and diameter is 26°75 feet. 
ie? haga is the length of an arc of 73° of a circle, whose radius is 


34°72 Ans. 44°237 feet. 
(t1,] What is the area of a sector of a circle whose radius is 26 feet, and 
whose sides include an angle of 42°! Ans. 147°58 feet, 


{1a.] What is the area of a parabola whose abscisea fe 5°32, and the cor- 
rea g ordinate 4°13 1 


Leg of (2 y,) == 2 X 4°13 c= 0°91 6980 
Logofx, == $32 == 0°725912 
"823909 


2°466801 
3 * 








1466801 == 29°295 = aren of parabola. 
eee 


13.) In a parabola an ordinate measured 5°17, and its 
BSF lg eget lye gr wget Dec lp rs te 


logy, = si7= 071349! 





1426982 
Log x, = 10°00 == Laces 





2°426982 

Log x,e2 895 = ositas 

| 9)5°475155 
Lagarithm of y, ux 0737577 ax 6°g6g3 ux the ordinate sequited. 
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(gen 15% —S =e a an oligo whee conugets 
diameter ie 37 and ite transverse dinmeter is 49 ! 


Ans. Area is 1039°08 ; and periphery is 19°38. 


16. In an ellipse whose two diameters are 51 and 8, what is the length 
at ss Joatests ocvemsseding sith er cbiiee of ce tent 
Since x, == 20, x, == §1 — 20 = 41. 
Log £, = 20 = 1301030 
Log #, = 31 = 17491367 
2)2°792397 


1°996198 
Log ¢ x= 38 = 17579784 


2°975982 
Log == §1 = 1°707570 


logy = 1°268412 = 18°553 x= the ordinate required. 
EalAas 














[17.] What is the cubic contents of a cylinder whose diameter is 3°75 


feet, ad its height 6 feet? Ans. 35637. 
18,] What is the cubic content of a cone whose diameter is 4°5 feet, and 
ite t 5°42 feet! Ans. 34°7 


[19 and 20.] What is the spherical surface and the solidity of a ae 
whose diameter is 5° 734 feet ? 
ns. Surface is 163°46 feet ; solidity is 98-712 feet. 


{23 and 22,] .What is the surface and solidity of a tetraddron, one of 
whose lineal edges is 7°31 feet, of an et whose lineal edge is 3°17, 
and of a dodecaédron whoee lineal 

Ans, Tetraédron, surface is 1 ia. iy 46:036 feet, 
Octaédren, is 44" $1 feet ; solidit cle feet, 
Dodecaédron, surface is 66844 feet ; ao 1411°7 feet. 


pe Ne ge ad 4 3 of its sides are 7-3 and 6:93, and the 
wat ee ee ae: 39’, what are the remaining angles and 


Then by ee 


Logarithmic sin of 74° 39/ = 9°984224 
pins Soop mel 7°42 9°1 36677 
Logarithm of . . . 692 o£g0106 


19°961007 
1°” 





Lag sine of angle ep. other side xx: 9°961007 = 66° 4’ 56”. 
Lwetigoe 8) 


‘The, sines the three angles ) of a telangle sre equal to 180° we have 
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real Me a al 56") s= 39° am oe os 





rere cia ea = costes 
Logarithms sin . 993 ae == g'for 
10°680465 - 
10° 





Logarithm of side required . . == 0°680465 = 4'791. 
iar 


Ans. The three sides are 4°791, 6°92, and 7°3, and the three angles oppe- 
site to each respectively are 39° 16’ 4°, 66° 4’ 56”, and 74° 39’. 


(25 and nt] Tr ofa po rad mean 81.0 a 





pil included between them is 47° 52’, what is the length 
575s ihe ag and the area of the piece of ground? 
(105°7§ — 81-10) . o s rggr8r7 

ri Nee raat aol of log (105: +80 ) end raadioy 

Logarithmic ta ° 4 = 10°352778 
19°473108 
10° 

f half th 

Sppocive the given den ss nsf S'473808 = 26° 33° 14" 

a 


Arith, comp. of log cos of 16° 39° 14” == 07018384 
ithmic cosine of . 66 4 © == 9608177 
of 


(105°75 + 811) == -3°271493 
Ir'8g8os4 
i0° 





lngeitem ot third aide... a VipSaseee 79°08. Ame 


Ana And the agen by (3] jo 38455 oquame fot 
{s6.] Guu $4°5, and Ga, what are the 
sp eoriaanspo este’ A . wz 8207608 


lg 27°3 + 54°5 de spas 
logoff . 2... ‘5 aT Vaapseo 





11°594930 
ge tahy= roy genial 6 | me 1ssegg0= s9'886. 


Therefore the larger segment is Sh Sn ee ee ee 
segment leg) — 37 998 att yng, : 
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826360 
1689693 


i) 


19°953254 
10° 








Log sine of angle opp. larger segment = 9°953294 = 63° 54’ 4", 
ne 
Then go° ~ 63° 54’ 4” = 26° 5’ 56” = angle opposite side which 
Measures 27°3. a, 
ithmic sine of . 90° == 10'000000 
bh. comp. of log of 27°3 == 8°563837 
ithm of. . rzog7sm 1°11 5843 


19°679680 
10° 








Log sin of angle opp. lesser segment == 9°679680 == 28° 44 23”. 
ee 


Then go° — 28° 34/ 23" == 61° 25’ 37” == the angle opposite the side 
which measures 54°5; and 28° 34' 23” + 63° 54’ 4 == 92° 38 27” = 
the angle opposite the longest side. 


(27.] What is the length of the diagonal of a rectangle whose two sides 
are 34 and 532} Ana 63:14 


[28.] A house is 47 feet in height, at what distance must the base of a 
ladder 53 feet long be placed from the house in order that the top of the 


ladder may just meet that of the house? Ans. 24°5 feet. 
{30.] What is the vis vivid of a railway train weighing 117 tons, and 
travelling at a rate of 33 miles per hour! Ans 19,31 3,300,000. 


ie desired to know the space which it has fallen through. 
Ans. 915°37 feet. 


2.and 33.) A body falls under the influence of gravity from a height of 

aoe what time it oceupy and what will be ite Foal meio neg- 
resistance of the sir t 

Is will qooupy 4'1266 seconds, and acquire a velocity af 165°995 


feet per second. 
‘What of time will a ulum 34°7 inches in length be in 
pila Pal vibrate = Ans. 0°9416 seconds. 


{35 A bady weighing 53 Ibe. fs whirled round in a circle whose rediue 
is 15 with a velocity of 12-7 feet per gecond, what be the strain 
the rope by whioh it {s exastzuined 04 move in the ’ peepereey 4 


36] What is the horizontal pressare at the crown of an arch whee 
ole 14.7°52 feet, whose breadth is 35 feet, and the val 
weight on cach square feet ot the hey-cteus is 974 be.) Ans. 5,648 950 Ths, 


{31.] A body having been falling frecly by the action of gravity for 7°5 
seid 3 


oleic bpm odes wig aviligeg 





tons, nail. the istinee of 

play Spaee what ie tha horisental thrust of the 
ptt 5 5 ; Ans. 1907°3 tons. 
A in height loowe sandy soll, re- 
PA rt Negrin iar sgh has to sustain} = 

Ans. 21447 Tbe. 

| What is the pressure against « sluice 20 fest wide, and he 

Pie abn lp inane : meres ee 


Pa Lembo ilenilgermerye her prog straint pa Fe 
a ty Of 17 deet per 
sceond, and what would be the resistance in water ! 

Ans. In air, 72°221 Ibe. ; in water, 414634 Ibe, 


42.) What ty of water will be discharged by a 18 inches in 
Pil Rilbe lergt pleased ella om i 


Log of d =z 38 == 1'2552725 
5 





6°2763625 
Log of A = 75 = 1'8750613 
1°348 5000 





9°4999338 
Log @ + 4:2d) = 5446°6 = 3°7361255 
2)5°7637983 

Log of quantity per minute = 2'8818991 = 761'9. 
ipisaarss 





Ans. 761'9 cubic feet per minute. 
(44-] What head will be required to force 350 cubic feet of water per 
minate through a pipe 15‘5 inches in diameter, and 3640 feet long? 
Ans. 21°739 fest. 
.] What is the velocity with which water will flow through a conduit, 
sitewide ss the surface, 4 fest deep, with the sides sloped at 1 to 1, and 
the inclination of the auriace of the water in which is 6 inches per mile! 
Ans. 1°333 feet per second. 
46.} What is the tity of water flo over a weir 137 feet long, 
Soca ee ee a ne 
Ans. 145°93 cubic feet per secend. 
47-] What weights would be requisite to tear asunder rods 3 inches 
Fa Pee wrought irom, oak, and fir? 
Ans, Oast 73,680 Ibe.; wreaght iron, 235,810 Iba; nk, 
472580 lee, ; fir, 38,000 Ibs. 
[48.] What weight will be necessary to crash a block of cast irom 9 inches 
ewitel Aus, 969,750 Ths. 


{g2.} What weight will be required to break s hollow column with fat 





: $°8%50516 an keg of at an y674°6, 


Leg of d sx 10 = = 1°000000 
36 





3*6cacoco =x leg of d?* xz 9981°1 
aeons ememene 
pPt — d?* x= 3693's 

aaanENR 


Ing (>°* — 2%") =z 36935 az 3567438 
O sm 1°173186 
0473817 


$35 3R4t 
Log { == 37 = 1°568202 Xx 1°7 == 2°6659434 








2°547898 m= log of 359°1. 
iGiGiennaens 


Therefore the answer is 354° tons. 


(s3.] A bar of cast iron 2 inches wide and 3 inches oh rela UPON sup- 
ports 6 feet apart, what weight applied in the center would break !t 
Ana. 6135 Iba. 


4.] What weight applied in the center will be required to break a girder 
of ra le Hodgk 


inson’s form of section, in which the area of the bottom 
flange is 26 equare inches, the depth 15 inches, and the distance between the 
supports 23 feet} Ans. 82,373 ibe. 
55-] What deflexion will be produced in a bar of cast iron 3 inches 
wide, 3 inches in depth, and witha 6 feet bearing, by a weight of 2730 Ibe, 
applied in the center! Aus. 256 ineb. 





a 


goro3z00 


771213 
989700 
£450980 
0413927 
1139434 
2304489 
2787536 
49617278 
4623980 
4913617 
§6820:7 
6127839 
6334685 
6720979 
7342759 
770B S30 
7853298 
8260748 
agtasd3 

33229 
8976271 
9190781 
9493900 
9857717 
0043314 
0128372 
0293838 
0374265 
0530784 
1038037 
¥17271 
3367 
1430148 
1731863 
athe te. 
195 
sieikes 
rey .6s 
238046: 
pe 
2576786 





191 
193 
197 
199 
ait 
224 
227 


229 
233 
239 
241 
251 
257 
263 
26g 
371 
277 
281 
283 






tz 
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from 2 to 1000. 





2810334 
2855573 
2944662 
2988531 
3242825 
3483049 
356c259 


3598355 
3673559 
3783979 
3820170 
3996737 
4299331 
4199557 


4297523 
4329693 
4424798 
4487064 
4517864 
4563676 
4871384 


4927604 
4955443 
§910§93 
5198280 
5276299 
5403295 
$4202.54 


$477747 


5550944 
6466461 


$7170388 
5786303 
5831988 
5899496 
5987905 

314-44 
6117233 
6322140 
6242821 


6 
63ea879 


439 
443 
449 
pd 


463 
467 
479 
487 
491 
499 
503 
509 
§21 


$23 
$41 
$47 
$57 
563 
569 
78 
577 
587 
593 
599 
601 


607 
613 
HE 

1g 
631 
64: 
643 
647 
653 


6 
er 
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a. 





bberts 
6599168 
7009 
sone 
6693169 
6803355 
6875290 
6910815 
6981005 
7015680 
7067178 
7168377 


7185037 
ees 73 


i le 


75esoh 
7§ 51123 

756636: 
ah 
7686381 
7730547 
7774268 
7788745 
7831887 
7874605 


oes 
Ta 

$068 540 
So8ar10 
$10g043 
$149132 
3i8885q 
8202015 
acas 
i pie 7 


riper 


457180 








Table of the Logarithms of every Prime Number 





870983 

8756399 
8790959 
8813847 
8359263 
8381795 
8959747 
9014583 
9079485 
gogo20g 
9143433 
9153998 
G17§50$5 
9185545 
9237620 
9309490 
9329808 
9339933 
9360108 
9429996 
9449759 
9459607 
9479236 


9576073 
9595184 


| 9933355 


9630157 
9717396 
9735896 
9763500 


9799929 


| 9854265 


9872192 


9 q 
9925535 
9960737 
9986952 
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Prime umbere are those which are not divisible by any 
other number, or which cannot be resolved into factors; thus 
933 is a prime number, because it cannot be divided by any 
number without leaving a remainder, while 234 is not a prime. 
mumber, it being divisible by 2 and other numbers, The. 
logarithms of any number which is not a prime number may 
be readily found by adding ther the logarithms of the 
several prime factors by the multiplication of which the num- 
ber is produced. Thus the number 234 is produced by the 
‘multiplication of 2, 3, 3 and 13 (all prime numbers, ) and the 

garithms of those numbers being taken from the table and 

ded together, the sum will be the logarithm of 284. For 
example— 
Log of 2 =z 0:90] 0300 

ae 3 = 04771213 

“ 3 mm (4771213 

» 13 = 171190434 


-, Log of 234 == 23692160 


ee ee] 


Again, the number 578 is composed of the prime factors 
2, 17, and 17; then 
Log of 2 = 0:3010300 
» 17 x 12304489 
wo so AT = 12804489 


.*. Log of 678 == 2:7619278 
ESR seed 


In this manner we are enabled by the foregoing table to 
find the logarithm (true to at least 6 figures) of any number 
which may be given, whether prime or otherwise ; for if prime 
ite logarithm will be found at once in the table, but if nut 
prime ite logarithm will then be found by taking the sum of 
the logarithms of ite prime factors, as explained above. 
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 “Pable by the aid of which the nuntber answering to any 
. . logarithm can be found to siz places. ~ 





04-1 3927 
0791812 
13394 
14612 


1760913 


i. 
- 

3 

r" 
7 

7 

8 

9 


278753 


In the above table the arguments are natural numbers, 
and the reaultante their logarithms. The first figures of the 
arguments are found in the top horizontal line, and the final 
or unit's figure of the same in the extreme left-hand column; 
the logarithm is found at the place of intersection, that is, on 
the same Jine with the final figure, and in the same column as 
the other figures of the natural number. In the five last 
columns only the final siynisicant tigares of the mantissa of 
the logarithms will be found in the table; as many cyphers 
must be added to the left of the figures given as are necessary 
to make up seven figures. Thus at the top of the fifth 
culumn we have 100, and on the fourth line we have 4, then 
the figures found at the place of intersection are 17387, to 
which adding two cyphers on the left hand to make up the 
seven figures, we have ‘0017337, which is the mantissa of 
the logarithm of 1004, 

The mavner of using the table is as follows :— Having 
given a logarithm of which it is desired to know the oorre- 
sponding number, feok among the resultants in the table for 
the next leas number to the mantissa of the given logarithm, 
and write down the natural number corresponding with the 
logarithm taken from the table, subtract this loganthm from 
the mantissa given, and again look amoung the resultants in 
the table for the next leas number to the remainder, noting 
the number among the arguments answering to it; then sab- 
tract the resultant from the remainder. and look again for the 
next less resultant to this remainder, and thus proceed until 
the given logarithm has heen exhausted, that is, until no re- 
mainder is left, each time noting the natural nurabers cor 





EexsugLe.--Of what number is $:3574208 the logarithm ? 
alate log in sable ; TF RO18800 ac lag of 2 

ion fee es Be ecdoieed ce =: §659 
Newt lees ithm. .. = 419027 ae leg of 11 


fnd rematiider.... . . = 149075 
Next less logarithm. .. == = 128372 = log of 108 








Srd remainder. .... = 21608 

Next lees logarithm... == 17337 = log of 1004 
4th remainder. ..... ox 4266 

Next less logarithm... = 8907 = log of 10000 


Sth remainder. ..... we $59 
Next lees logarithm =. . = 347 == log of 100008 
Oth remainder 6 in SR Ee = “Taq 


12 
Nearest logarithm. .. . = 18 =e log of 100QQ08 
fs] 


Then 2 x 11 x pa Aaa pt a has to be next multi- 
plied by 1004, or by 1000 and by 4, thus 
2266006 == 2266 x 1000 
9064 == 9266 x 4 


22756064 
cee 


This again has to be multiplied by 10009, 
997 





60640000 
20475576 
22771116576 
TTS, 





APPRRDIX. 


06 
This has again to be multiplied by 100006, but we need not 
retain more than § figures, and the remainder to the right 
cut off, end any figures in the multiplication by 8 
a 
omitted ; to know how many figures thus to omit, point off as 
many figures from the right as there are figures the 
ate coy aie Yee ete eres Se ay an pectem the 
tiplication only u remaining , taking care, 
however, to to the multiplication of the first number 
iboats d ee 
cut off, us, in the example, there being five figuree before 
&, the number by which we are going to multiply, we point off 
the five right hand figures, and only multiply 227 by 8; we 
add in, however, 6 carried from the soultiplication of the 7 
cut off. 
Q27 T1115 
1822 





2.772087 
68 





22778005 


The last multiplication is by 1000008, and the answer is 
true to pthc — the real rami splel by 100 In the 
example above, as the figures to be multiplied by 1000008 are 
not sBeoied by the addition of 1822, this need not have been - 
performed until afterwards, as below. 


QQ77T1116 
1822 

68 
29778008 
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_ Wheat is the number corresponding to the logarithm 
48551071? 








855107) TX 102 = 714000 
8450980 = log of 7 2143 
100001 71,6,1,4200 
86002 =: log of 102 14898 
Pieces 2865 
14089 648 
18009 =: log of 1008 
eae 71682081 
1080 ERENT: 
869 = log of 10002 
211 a 
174 == log of 100004 
37 = log of 1000009 
fre] 


The number is 71682. 


What is the number whose logarithm is 2°6103838 ? 








61038838 101 
6020600 = log of 4 4 
882338 404000 
43214 == log of 101 8636 
40019 40,7 6.8600 
. 88912 a log of 1009 8153 
ae — 2088 
1107 204 
869 ax log of 10002 omen 
oe 40778006 
938 fetes see) 
217 ux log of 100005 
21 = log of 1000005 
=m 


The answer is 407°74. 
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MWbat ic dhe number whose logarithm is 3°7791697? 








7797587 1008 
77181518 ax log of 6 "8 
16074 60,18,0000 
18009 = log of 1008 42126 
— $6] 
8065 cena 
8089 = log of 10007 60222487 
mpomceanmnce ieee 
26 = log of 1000006 
foi) 


The number required is 6022-248, 
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PREFACE 


Tug present little work, while complete within itself, is in- 
tended also to form a companion or supplemental volume to 
three others of Mr. Weale's Rudimentary Series; namely, to the 
Radiments of Nautical Astronomy, the Rudiments of Navigation, 
and the volume on Logurithms. In order to the attainment of 
the first object, such an explanation has been prefixed to the 
Tables as is sufficient for showiug the manuer in which thoy aro 
to be used, und the purposes for which they are to be employed ; 
and such examples of their application have been added as will, 
it is hoped, remove all difficulty in their employment. 

The Tables of the Logarithms of Numbers, and of Loga- 
rithmic sines, tangents, &c., have been reprinted from the third 
edition of Gregory's Mathematics for Practical Men; and the 
Table of Proportional Parts, first given in that work, has been 
arranged in a new and more convenient way in the present 
Tables. 

Tables I. to V. will be found of considerable service for 
general purposes of calculation, in addition to their application 
with Tables VI. to XVIII. to the important purposes of Navi- 
gation and Nautical Astronomy. 

The remaining Tables will be found ef constant use in all 
mathematical investigations involving trigonometrical expres- 
sions; these are principally compiled from Hutton's Mathe- 
matical Tables. 

In the preparation of the Tables and in their progress through 
the press, every care has been taken by caroful and repeated 
reading to insure accuracy, an object which it is confidently 
hoped has been suocessfully attained. 


H. L. 
Onn Wisvson, 18th June, 1850. 
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EXPLANATION AND USE OF THE TABLES. 
Tables I. and IT. 
Logarithms of Numbers. 


As a description of the nature and properties of logarithms will 
be found in the Rudimentary Work on Logarithms, and is not 
essentially requisite to their mere ay:plication to the purposes 
of calculation, we shall here only expluin the method of using 
the accompanying tables. 

By an inspection of Table II., which contains the loga- 
rithma of all numbers from 1 to 100, it will be seven that each 
logarithm consists of two distinct parts, separated by a decimal 
point; thus, the logarithm of 13 is 1:113945; the number to 
the left uf the decimal point (or 1 in the abuve example) is 
called the index or characteristic®, and its value depends only 
upon the number of diyits in the quantity whose logarithm it 
is, without any regard to the value of that quantity, and it is 
always 1 less than that number of digits; thus in the example, 
the characteristic of the logarithm of 13, which contains two 
digits, is 1, or one less than that number; and it will be seen 
from the Table, that 1 is the characteristic of nll the loga- 
rithms from 10 to 09, but that, fur numbers below 10, the 
index is 0, and for 100 is 2, in each case 1 less than the 
namber of digits in the quantity of whose logarithm it is the 
characteristic. Tho. haracteristic, therefore, of the logarithms 
of all numbers 


equal to or greater than } and Jess than 10 is 0- 


+ ” 10 ” 100 s i 
” 100 a 1000 ,, 2° 
9 ys 1000) ” 10000 ” J: 
. : 10000 "100000 ,, 4° 

&c. &e. &e. 


* In te avoid confusion from the use of the word index to 
twe things, we shall throughout this work employ the term cha tt 
when speaking of logarithms, and index when speaking of roots or powers, - 
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When the quantity is less than unity, the characteristic of 
its logarithm becomes negative, and its value is determined 
by the number of cyphers which occur between the decimal 
point and the first significant figure (the fraction being deci- 
mally expressed), and is always | greater than such number 
of cyphers; or it is equal to the difference in the number of 
figures in the numerator and decimal denominator ; thus, the 


characteristic of the logarithm of _ 
‘lor yy is 1-* 

01 9 rb5 a) 2 

ht ” Toss ” 3 

01 ” yahoo ” A: 


The decimal part of the logarithm, or that lying to the 
right of the decimal point, is called the mantissa, and de- 
pends entirely on the relative value of the figures composing 
the quantity whose logarithm it is, and not at all upon the 
actual numerical value of that quantity; thus, in the example 
already given, the decimal of the logarithm of 13 is 
‘1180438, which is also the decimal part of the logarithm of 
1:3, or 130, or 1300, for in each case the 1 and the 3 have 
the same relative value. So that the decimal portion of a 
logarithm is eu the same for the same figures, and is not 
altered by the addition of any number of cyphers either to 
the right or to the left hand of those figures, or what is 
equivalent, by the multiplication or division of the quantity 
by 10, or any power of 10; it is only the characteristic of 
the logarithm which alters its value, 1 being added to the 
characteristic for every 10 by which the quantity is multiplied, 
or subtracted from it for every 10 by which the quantity is 
divided. Thus, 


the logarithm of 745800 being 5872622 
thet of 74540 is 4:872022 
‘ 7458 » 8872022 
: 745°8 1» 2872629 
‘ 74:58 » 1872622 
- 7458 1 0°872622 
" ‘7458 = ,,_-:1872622 
" 07458 =, 2872629 
" 007458 ,, 3:872622 
1(—) al plnved oben the enarnsteriatic, thes 2, 
wa being misunderstood for the sign of 
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It must be borve in mind, that in the logarithm of « frac. 
tional quantity, it is only the characteristic which bas a nega- 
tive valuo, and thet the decimal part of a logarithm is al 
positive. It is, however, sometimes convenient to have the 
whole logarithm expressed, negatively, both characteristic and 
decimal ; for which ‘ial ay subtract the last right hand figure 
in the decimal portion from 10, and all the others from 9, and 
the result will be what is termed the arithmetical complement 
of the decimal, to which prefix the former characteristic leas 
1, and the result will be a negative logarithm, equivalent in 
value to the original logarithm having only a negative charac- 
terestic; for example, the logarithm of -07458, as above, is 
2°872622, which is equivalent to — 1:127378. It is alao fre- 
quently convenient to take the arithmetical complement of the 
whole logarithm, and this is obtained by subtracting the right 
hand figure of the decima] from 1U, and all the othere from 9, 
including the characteristic when positire, but if negative it 
must be added to 9. Thus, tho arithmetical complement 


of 3:146128 is 6-833872 
», 2076270 ,, 11-029714 
»» 5°322839 ,, 4677161 
y» 1986772 ,, 10013228 


Use OF THE TABLES. 
To find the logarithm of any given number. 


If the number is less than 100, its logarithm will be found 
in Table I1., with its proper characteristic prefixed; bat if 
the number contains more than two figures, its logarithm may 
be found from Table I. as follows :—IJf there are only three 
se ort in the number, look for that number in the first colamn 
of the table, and on the same line in the next column to the 
right, under 0, will be found the decimal portion of the re 
quired logarithm, to which the proper characteristic must be 
aren according to the rules which we have just explained 

f the quantity contains four figures, look for the first three 
res in the first column as before, and the four last figures 

of the logarithm of the required number will be foand on the 
same liue with those three figures, and in that column which 
has at its head the fourth figure of the given number; the 
two first figures of the logarithm will be found in the second 
colamn (headed 9), and which figures being common to all 
the logarithms inclosed by each pair of horizontal Hom le 

" 
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unnecessary to at. Where these first figures change their 
walee in the middle of a line, the same is indicated bya break 
tn the horizontal line, thus, 139379 [0194, which shows that 
the two first figures (13) have changed to 14, and the right 
hand logarithm is therefore 140194. 


: : Examples. 
Required the logarithm of 734. 
In Table I., on the same line with 734 and under 0, are 
found 5696, the four last figures of the logarithm, to which 
the common figures 86 and the proper characteristic 2 being 
prefixed, we obtain 2:865696, the logarithm required. 
Find the logarithm of 8476. 

Here, on the same line with 347 and under 6, will be found 
1080, which, with the two first figures and the characteristic 
prefixed, is $:541080, the logarithm required. 
The log. of 6°84 is 0°766413 

» «0032 ,, 2960416 

» 10°24 ,, 1010300 

‘3 3708 ,, 3:569140 


When the quantity whose logarithm is required contains 
more than four figures, proceed as followa:—Find the loga- 
rithm for the first four figures as above, then look in the first 
column of the Table of Proportional Parts, at the lower part 
of each page, for the first four figures, and on the same line 
in the column having at its head the fifth figure will be found 
the quantity which must be added to the logarithm alread 
taken out, to give the logarithm of the quantity first required. 
If tbe first four figures are not found in the first column of 
the table, then take the line containing the next less number 
to it. If the number whose logarithm is required contains 
more than five figures, proceed as above to obtain the loga- 
rithm of the first five figures, then, on the snme line of the 
Table of Proportional Parts that the number added to the 
logarithm for the fifth figure was found, and in the column 
having at its head the sixth figure, will be found « quantity 
which, divided by 10 (or what is the same, baving its right 
hand figure taken away ®), and added to the logarithm already 
found, will give the logarithm of the first six figures; again, 
on the same line and in the column having at its the 


” © Vf the figare thea cat off exceeds fixe, cue must be added to the fast 


, 
e “* 


b 
bt 
Mite, Oi 
‘ 
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seventh figure, will be found a B parte which, divided 
100 of having two figures cut off from the right hand), and 
will give the logarithm for seven tees” 


Examples. 

Required the logarithms of 11488, 621547, 768654, 
7642-179, 

Log. of the first four figures from Tab. I. =: 4:059942 


From Table of Proportional Parts on sea ” 802 


with 1148 avd under 8 é 





mer reetinrarry aammteiaianae 


Logarithm of 11488, as required = 4:060244 
pre Pease aac 
.of O215 . . mx §6°790344) 
From Table of Proportional Parts, on line 
with 6160, the next less No. in | mm 2 
table to 6215, and under 4 . 
On same line under7 . ... ~~. +. tm 4 9 


Logarithm of 621547 a 5°790474 
STATS 


Log. of 7686 . . s= §°885700 
From Table of Proportional “Parts: * ao 28 





same line with 7686 and under 5 
On same line under4 . . .. . . = Q| 2 





Logarithm of 708054 == 6:885730 


Log. of 7642... aa 3883207 
From Table of Proportional ‘Parts on si 7 
same line with 7552 and under! . } = 
Ousamelineunder7 . . . . 1. om 8} 09 
On same line under9 . . . . 1. mm 513 


arth ta seminal i cates 


Logarithm of 7642°179 == 3883217 
Re oeAaEIRETNS 


To find the number answering to any given logarithm. — 


Look in the upper portion of Table I. for the given loga- 
rithm, or the next less in value to it that can be found, then 


© ira mt page 7, with regard to the numer of pact We te 
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on the same line, in the first colamn, will be found the firat 
three figures, and at the head of the column in which the 
Jogarithm was found, the fourth figure of the number 
If the given logarithm is found exactly in the table, the figures 
thus obtained will be the required number, care being taken to 
int off one more figure to the left hand than there are units 
m the characteristic of the given logarithm, cyphers being at- 
tached to the right hand of the number, if requisite. If, how- 
ever, the given logarithm is not found exactly in tho table, 
subtract from it the next less Jogarithm found. calling the 
remainder the first difference; then look in the Table of Pro- 
portional Parts on the same line with the four figures already 
obtained from Table I. (or the next Jess figures which can be 
found) for this difference, and at the head of the column in 
which it is found will be the fifth figure of the number sought. 
If the first difference is not found exactly in the table, look 
for the next less numbor to it, which subtract from the first 
difference for the second difference; then add a cypher to this 
second difference, and look for it on the same line of the Table 
of Proportional Parts, as before, and the figure at the head of 
the column containing the nearest number to it, either greater 
or less, will be the sixth figure of the number required. 


Examples. 
Required tho number answering to the logarithm 3:241756. 


Given log. =3:241756 
Next less log. in Table I.=3-241546 =the log. of 1744: 
210 first dif. 

In Table of Prop. Parts 
on same line with the 199 is found in col. 8 8 
next less No. to. 1744 

| 110 second dif. 

On the same line. . . 99 is found in col. 4 “04 

as eae 


The No. required =: 1744-84 


_ In this example the next lees logarithm which can be found 
in Table 1. is 3-241546, the number atiswering to which, 1744, 
is the first four figures of the number sought; then subtract- 
ing this logarithm from the given a afer ip seni fe 
firet difference 210, and looking in the Table of Proportional 
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Parts on a line with 1740 (the next less number to 1744), for 
the next less number to 210, we find 199, at the head of tho 
column containing which is 8, the fifth figure required; then, 
subtracting 199 from 210, we obtain the second difference, 11, 
and adding a cypher, the nearest number which we find on the 
same line is 99, at the head of the column containing which is 
4, the sixth figure required. 

Required the numbers answering to the following loga- 
rithms :—3'510000, 2°475771, 5:87162¢4. 


The number answering to the logarithm 3:510000 is found 
at once to be 3236. 


Given log. = 2:475771 
Next less log. = 2°475871 = the log. of 200-0 


100 x lst dif. 


From Table of Proportional Parts 87 ..... 06 
130 = 2nd dif. 
| a 009 
Ee teeeemmea ee 


No. required == 209-069 


Given log. = 5°871624 | 
Next leas log. == 5°871573 = the log. of 744000: 


51 slat dif. 
From Table of Proportional Parts 40 ..... 80: 
50 
|) 9 
aed 





The No. required = 744089" 
Pecans EY 


It should be observed here, that the number of figures 
which may be depended upon in any result obtained by loga- 
rithms, will be equal to the number of decimal places in the 

ithms employed ; thus, it: using the tables al ep to 
work, the results obtained will be accurate to six figures, 
prone alae the end of the tables, in which only five figures 
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| TIL, £V., and V. 
Trigonometrical Tables. 


Mathematicians have computed the lengths of the sines, 
tangents, and secants (assuming ay for the radius) cor- 
respogding to arcs from 1 minute of a degree, through all the 
gradations of magnitude, up to a quadrant. or 90°; and the 
resiits of the computations are arranged for use in tables 
called Trigonometrical Tables. As, however, these quantities 
have to be carried to several places of decimals in order to 
obtain sufficiently accurate results, their use in calculations is 
attended with much labour, and therefore it is usual to employ 
their logarithms instead; but in this case the assumed radius 
ig taken as 10,000,000,000 instead of unity, since with the 
latter most of the quantities would be fractional, and therefore 
have negatice characteristics, the use of which would be iucon- 
venient, and is superseded by taking the radius as above. 

Table V. is such a table of the logarithms of the sines, 
cosines, tangents, cotangents, secants, and cosecants, for every 
minute from 1 minute to 90 degrees, calculated to a radius of 
10,000,000,000 as above. It will be observed that the head- 
ings of the columns run along the tops of the pages as far as 
the 45th degree, after which they return along the bottoms of 
the pages in contrary order, as below :— 






see | D. | Cos 











sin | D. | Cosec |} Tan | D. | Cot 
D 


Cos | Sec Cot | D. | Tan |, Cosec | D. | sin 





The reason of this will be apparent, if we only consider that 
the cos, cot, or cosec of an arc is the sin, tan, or sec of the 
complement of that arc, The intermediate columns, headed 
D, contain the differences of the consecutive logarithms in the 
contiguous oolumns on either side; it will be seen that the 
same difference is common to the sin and cosec, the tan and 
cot, and the sec and cos; since, from Table XXI., 


ain = aor 7 mein coset: linet or ] x tan . cot; 
cosea cot 


eco me 1 or 1 = see. 608; and consequently, log sin + log 


coseo ax log tan + log cot == log sec + log one = 2log rad == 20°; 
therefore ea the sin, tan, or sec increases, so must the corre- 
spending sesec, cot, or cos diminish, and their di 


4 
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must be equal. The differences of the sines and ts are 
not inserted on the two first, pages, for the reason explained at 


page 10. 
USE OF ZABLE V. 

To find the logarithmic sine, tangent, dc., of a given are. 

If the arc contains only degrees and minutes, its sin, tan, 
&c., will be found simply by inspection, by looking along the 
top or bottom of the tables for the degrees, and then in the 
first or last vertical column for the minutes, according as the 
number of degrees is less or greater than 45°; and on the 
same line, in the column having for its title (either at the top 
or bottom, according as the degrees were found) the name of 
the trigonometrical quantity required, its Jog will be found. 

If the arc contains seconds as weil, the logarithm must be 
found as above for the degrees and minutes; then take the 
number in the contiguous column headed D on the same line, 
roultiply it by the number of seconds, and divide by 100 (which 
is done by cutting off the two last figures); the quotient must 
then be added to or subtracted from the log already taken out, 
according as the same would be increased or decreased by an 
increase in the arc. 

Examples. 


1, Find tho log sin of 37° 47’. 

As the arc is less than 45°, by looking along the top of the 
table for the degrees, and in the first column for the minutes, 
we find in the column having at its top the word sin the figures 
9°787282, which is the log sin of the arc required, 

2. Find the Jog tan of 75° 34’, 

Here, as the are is greater than 45°, looking at the bottom 
of the tables for the degrees, and in the last column for the 
minutes, we find in the columo having tan at the bottom, 
10°589431, the tan of 75° 34’. 

3. Find the log sin of 31° 45’ 5”. 


The log sinof 31° 45’is . 2. . . . w . «8720168 
The No. in col. D is 8340 x 5” +1004 tg 17 
. The log ein of 31° 45’ 5” me... 9°721179 
PRS 


4. Find the log cos of 25° 1’ 47”. 
The logcos of 25°’ is 2. 2 1 ww ws 9957217 
The No. in col. D is 98 x 47”-+-100m-. . 47 


", The log cos of 25° 1 47" ms. =, 9°957170 
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» Do find the are corresponding to any given log sin, tan, &.: 
S in Table V. for the ae log sin, &., or the next 
less log thereto, and on the same line will be found the minutes, 
and at the top or bottom of the page the degrees, of the arc 

quired; if the log thus found is less then the given log, 
subtract the former from the latter, add two cyphers to the 
right of the remainder, and divide it by the number found in 
the eg at column headed D; the quotient will be the 
number of seconds to be added to the degrees and minutes in 
the aro already obtained. 


Ewamples. 
1. Find the are whose log tan is 10-577887. 
Here the arc is found by inspection to bo 75° 11’. 
2. Find the arc corresponding to the log sin 9-395401. 


Given log = 9°395401 
Next less log == 9°305166 = log tan 14° 23’ . 


28500 — 820 == 29 seconds; 


tie 
.*. 98395401 is the log tan of 14° 28’ 20”. 


In the sines and tangents of arcs Jess than about 5°, the 
differonces between any two successive values are so great (as 
will be seen by an inspection of column D in the table) that 
the method above given for finding the intermediate values for 
seconds will not be sufficiently correct; and the same remark 
applies to the cosines and tangents of arcs greater than about 
85°. It will also be observed, that in the cosines and secants 
of arcs Jess than 5°, and in the sines and cosecants of arcs 
greater than 85°, the differences are too small to enable us to 
calculate acourately the value of any arc from them. 

The first of these difficulties may be removed by the rales 
given below for determining the values of the sines and tan- 
geuts of small arcs, and the tangents of large ares, and con- 
versely the arcs from the sines and tangents. A table has 
also been given (Table IV.) of the logarithmic sines for every 
tenth of a minute as far as a degree and a half, and of the 
cosines for every tenth of a minute from 88° 29’ to the end of 
the quadrant. The second difficulty, however, could only be 
got over by extending the tables to more decimal places, but 
as this would also require all other quantities employed in the 
same calculations to be taken to an equal number of decimals, 
much additional trouble would be occasioned ; and it is there- 
fore better for determining the value of an arc when near 90°, 
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to employ some other fanction than its sine, as, for instance, 
its cosine. In order to render this clearer to those who are 
not familiar with the use of logarithms, we subjoin au example 
of such a substitation of the cosine for the sine. 
For instance, let it be desired from the formula, 
P,: P,:: sin 8: ain 3 
to determine the value of the angle 2, when P, = 600-1; 
P, = 669; and the angle 6 = 63° 45’. 
First by multiplying the means and extremes, and dividing 
both sides by P,, we obtain 
sin 3 ox P,sin 8 ° 
Then from Table XXI.- 
sin d= ./ 1— (cos 3)’ 
P, 83 ————__—— 
; ea ECOL 
squaring both sides — 
(A5¥ a= 1 — (cos 3, 
1 
transposing, and extracting the square root 
P, sin 8? 
a l—f-2 "}). . (6b. 
cos 3 = ( P. ) (b.) 


We have, therefore, two equations, (a) and (b), from either 
of which we can obtain the value of the angle 3, by substi- 
tuting the values of the known quantities; but in doing so 
we shall find that the second equation will give the value of 
2? much more exactly than the first. 

Thus, by substitating the known quantities in equation (a), 
we have 


(a) 


669 x sin 63° 45’ 
600°1 
Whence by logarithms, 
Log sin 68° 45’ == 9-952781 
Log 669 mx 2'825426 


== sin ¢. 


12°778157 
Log 600:1 me 2°778224 


Logsin? = == 0-999988 
SRS 
ve 9 mas 88° 59 25”. 
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Proceeding in a similar manner with equation (b), we have 





600°1 
Whence by logarithms, taking the radius as unity, for the 
reasons explained at page 15. 


Log sin 63° 45’ = 1:952731 


Log 669 == 2°825426 
2-778 157 

Log 600°1 == 2°778224 
1999988 

Q 


Log ‘99969 = 1-999866 


Then 1 — ‘99969 = -00081, the log of which = 4-401862, 
and 4:491362 — 2 == 2:245681 = cos 3; 


or, restoring the radius of the tables, 
cos 3 = 8:245681 = sin of the complement of 2; 


therefore, by the rule given below for finding a small arc from 
its sin, we have 


8245681 
5314425 
22 


3°560128 =: 8631°86 seconds = 1° 0’ 31”:86; 


com 
., 2 se 88° 59’ 28/14, 


whenoe we see that the former value of 2 obtained from equa- 
tion (a) is upwards of three seconds too small. 


To find accurately the log sin of an arc less than 5°. 


Redus the arc to seconds, and find the log of that number 
from Table I., to which add 4°685575 (the log sin of 1”), and 
subtract one-third of the decimal portion of the log sec of the 
aro taken from Table V.; the remainder is the log sin of the 
arc required. 
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3 7 Examples 
Find the log sines of 19’ and of 1° 9. 

Log (13” x 60) == 780” == 2802005 

4°6835575 





TSTTB70 
Log sec of 13’ = 000008 = 3 = ‘000001 


Log sin of 13’ = 7:5776690 
bination | 


Log (68’ x 60) = 3780” = 3:677492 
4685575 


8-263067 
Log sec of 1° 9’ = 000073 3 = “000024 


Log sin of 1° 8’ = 8268043 


To find accurately the log tan of an are less than 5°. 
To the log of the number of seconds in the are add 4:685575, 
and two-thirds of the decimal portion of its log sec; the sum 
is the log tan of the are required. 


Examples, 
Find the log tans of 21’ and 1° 13’. 
Log (24’ x 60) = 1440” == 3°1583803 
4685575 
Log sec of 24’ = ‘000011 x $= -000007 


Log tan of 24’ =: 7°853045 

Eee Bio 

Log (75’ x 60) == 4500” = 3653218 
4°685576 

Log sec of 1° 15’ = -000108 x $= ‘000068 


Log tan of F 15’ = §:338856 





fo find accurately the log tan of anarc greater than about 85°: 


Add to the log of the number of seconds that the arc is less 
than 00°; two-thirds of the decimal portion of the log cosec, 
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and subtract the sum from 15°814425; the remainder will be 
the log tan required. 


1, Find the log tan of 89° 5” 13” 





90° 0’ 0” 
89 5 138 
0° 54’ 47” = $287 seconds. 
Siena 
Constant |] gi ie . . a 1$-814425 
Log of 828 | == 8516800 
Log cosec of 89° 5’ 18” = 000057 x g== 000088 
————— $°516838 
Log tan of 89° 5’ 18” == 11:797587 
SEE 
2. Find the log tan of 88° 51’ 10”. 
go° 0’ 0” 
88 61 10 
1° 8’ 50” = 4130 seconds. 
Constantlog . . 1. 1 1 ww ee 15814425 
Log of 4180 . . == 3615950 


Log cosec of 88° 51’ 10” == 000087 x $= ‘000058 
———. 3-616008 





Log tan of 68° 61° 10” = 11:608417 

se 

To find accurately an arc of not more than 5° from its log sine: 

To the given log gin, add 5-314425, and one-third of the 

decimal portion of the secant of the nearest arc to that whose 

log sin is given, the eum, rejecting 10 from the characteristic, 
will be the logarithm of the number of seconds in the are. 


Esamgple. 
ee ee 
iven logsin . . . . ee) eee 8914719 
Constant log. . oe 5814495 


Log sec of nearest aro =x 000008 + 8 = -000031 
Are required 1° 10° 56” a» 4258” me 8-629175 
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To find accurately an are of not more than 5° from ts log tan. 

To the given log tan add 5°314425, and from the sum sub- 
tract two-thirds of the decimal portion of the log sec of the 
arc whose log tan is nearest to that given, and the remainder, 
rejecting 10 from the characteristic, will be the log of the 
number of seconds in the arc. 


Example. 
se iia ek whose log tan is 8:281401. 
iwenlogtan . 1... ww. oe 8281461 
Constant log. 2. 2. 2... om 5314425 
19:545886 


Log sec of nearest arc = -000008 x == = 000042 


Required are a= 58’ 84” = 3514” =x 18 545844 
mc 
To find accurately an arc greater than 85° from its log tan. 


Add to the given log tan two-thirds of the decimal portion 
of the log cosec of the ncarest arc to that whose log tan is 
given, and subtract the sum from 15°314425; the remainder 
is the log of the number of seconds that the are is loss than 00°. 


Ezample. 
Required tho arc: whose log tan is 11:695000. 


Constant log . ae xe 15°314425 

Given logtan. . . . . . « «= 11-695900 

Log cosec of nearest are ‘000088 x $= ‘000059 
em 11 95050 





Required arc == 1° 9/14” = 4154” a= 3°61R466 
Eas 


In extracting the root or mising the power of any trigono- 
metrica] quantity by means of its logarithm, it will always be 
found most convenient to reduce the assumed radius to unity, 
by subtracting 10 from the characteristic of the logarithm, 
which will frequently then become negative; it must, however, 
be borne in mind that the decimal of the logarithm is 
always positive; and therefore, if it 1s required to multiply a 
logarithm with a ve characteristic by any number i 
the index of « sigalg pt deg imcioroyt wea 
logarithm, pot as many decimal figures in the product 


16 MATHEMATICA! TABLES. 


as there Were in the logarithm, then multiply the character- 
istic, and subtract from the product the number (if any) 

inted off to the left in the first product: the result will 

the negative characteristic, and the decimals pointed off in 
the first product will be the decimal part of the required loge- 
rithm. To divide a logarithm with a negative characteristic 
by any number: if the characteristic is a multiple of that 
number, that is, if it is divisible by it without remainder, 
proceed as in ordinary division; if, not, separate the charac- 
teristic from the decimal, and add to the characteristic a 
number which will make it divisible, and prefix to the decimal 
the same number, then divide both by the given divisor, and 
the quotients will be the characteristic and decimal of the loga- 
rithm required. An example of this alteration of the charac- 
teristic is given at page 12. 

Kicboagh Table V. only purports to give the sines, tangents, 
&c., of angles less than, or equal to 90°, any of these functions 
of angles greater than 90° may readily be obtained, since any 
function of an angle greater than 90° is equal to the same 
function of the supplement of that angle; due regard being 
had to changing the sign, if requisite, according to Table 111, 
which exhibits the value of each trigonometrical line at the 
commencement of each quadrant, and also the sign with which 
it is effected in passing through the same. Thus, the log ain 
of 141° 15’ is 9°796521, the same as the sin of its supplement 
38° 45’; the log sec of 95° 43’ is —11-001701, or the sec of 
84° 17’ with its sign changed; the log cosec of the same is 
10-002165, or the cosec of 84° 17’, the sign remaining the 
sume; and the log tan of 173° 4’ is — 9:084947, or the tan of 
6° 56’, with its sign altered. 

_, Fable VI. 
Meridional Parts. 

In nautical charts, drawn according to Mercator's projection 
of the sphere, the meridional lines are drawn parallel to each 
other, or equidistant in every latitude, as shown in fig. 1, 80 
that the distance between any two meridians being -assumed 
as true at the equator would be too great in every other lati- 
tude; for whereas the length of a degree of latitude really 
decreases as we approach the poles, here it is represented as 
though its length were everywhere the same. If, therefore, 
the parallels of latitude were drawn at equal distances in 
representing any country situated in a high ldtitude its form 
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would become so much distorted from its breadth being thus 
increased without its length, that the country would hardly be 
recognised, and very erroneous views would be occasioned of 
its form and relative extent. Thus, in the latitude of 60°, a 
degree of longitude is only half what it is at the equator, and 
therefore all dimensions east and west-would be twice as grent 
as they should be, if drawn to the same scale as those north 
and south. To correct this distortion, therefore, and preserve 
the trae form of tho countries, the distance between the pa- 
rallels of Jatitude is increased precisely in the same proportion 
as that between the meridians ; so that on a Mercators chart 
the relative magnitude of a degree of latitude and longitude 
is everywhere truly preserved ; the parallels of latitude being 
drawn more and more distant as we leave the equator, as 
shown in fig. 1. 
Fig, 1. 
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Now, the numbers in the table of meridional parts are 
nothing more than the distances of the several parallels of 
latitude from the equator, as shown on a Mercator’s chart, 
expressed in minutes * of longitude at the equator. In using 


* It is hardly wecessary to state that a minute fe the 60th part of a 
degree, and a second the 60th part of 2 minate. Yt 
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the table the degrees of latitude must be sought at the iop of 

the table, and the minutes in the side column, the meridional 

pects will then be found at their intersection; thus the meri- 
ional parts of 27° 25’ are 1712, and of 76° 8’ are 7222. 

The great use of this table for nantical purposes is to de- 
termine the latitude and longitude of a ship at sea, when the 
course and distance that she has run are known. By the 
course of a ship is meant the direction in which she sails, 
estimated by the angle which that direction makes with the 
meridian. When the course makes the same angle with every 
meridian crossed, it is termed a rhumb, and this course is that 
usually adopted by navigators, in consequence of the facilities 
which it affords in ascertaining the position of their vessels. 

On a Mercator’s chart any rhumb is obviously a straight 
Kine, because no other than a straight line would on such a 
chart cross every meridian at the same angle. Thus, if A 
and B, figure 1, are any two places between which a vessel 
sails, then the straight line A B is the rhumb upon which the 
vessel would sail to preserve the same course or make the 
same angle with every meridian crossed; A C is the difference 
of latitude, C B the difference of longitude, and AB the 
nautical distance run. If now we set off from A towards C, 
a distance AD equal to the actual difference of latitude 
measured in degrees at the equator, and drawa line DE 
parallel to the equator, thon will the line A E, measured on 
the equator, be the true nautical distance, and, being multi- 
plied by 60 (the number of nautical miles in a degree), will 
give the distance run by the sbip, and the line D E is termed 

departure or distance run either to the east or west. 

By inspecting the ak eve caer E:rad:: AD: 
cos < A, or the nauti istance is to radius as the actual 
difference of latitude is to the cosine of the course; and also 
AB: rad :: BC: tan < A, or the meridional difference of 
latitude is to radius as the difference of longitude is to the 
tangent of the course. 

f we put d for the nautical distance, ¢ for the course, for 
the difference of the latitude, 4 for the meridional difference 
of latitude, and L for the difference of longitude, we have, 
from the above proportions, 


rad. l == d coe c, 
And rad . L we A tan c. | 
From which formula either two of the four quantities d, ¢, 4, 
and 1. being known, the others may be easily found. 
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For example, a vessel leaving latitude 25° $4’ n. and longi- 
tude 61° 24’ w. sails 543 nautical miles on a rhumnb line, 
whose course is N. 42° §’ £., what latitude and longitude is 
she then in? 


cos ¢ ( = 42° 5’) = 9 870504 
Log d ( = 543) == 2°784800 


1:2°605304 
Nad . . . , == 10:000000 


2605304 = log of 403 es 1, 


then 403 + 60 = 6° 43’ = the ship's difference of latitude to 
the north; therefore, 25° 34’ + 6° 43’ = 932° 17’ n. is the 
latitude she is now in, Again, 


Meridional parts for 82° 17’a= 2048 

Ps » for 2d S4 = 1588 

Meridional difference of latitude =x A = 360 
Log tan ¢ ( == 42° 5’) = 9:055707 
Log a( = 560) . = 2748188 


Rad... . . x 10°000000 
2°703805 == log of 505'7 a b, 


then 505:7 + 60 mc 8° 25’ 42” = the ship's difference of 
longitude to the east; therefore, 61° 24’—8° 26’ 42” 
zx 52° 58’ 28” w. is the longitude she is now in. 


Example 2.—A vessel sails from latitude 41° 20’ n., and 
longitude 49° 50’ w., to latitude 64° 25’ x., and longitude 
10° 13’ 6” w., what was her course and nautical distance ? 


Meridional parts for 647 25’ == 6097 
p » for 4) 20 = 2728 
—- ee meridional 
23 6 RR960mAc ero 
60 iaexianias of latitade. 
Diflerence of lat. a=] a: 1385 
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49° 50° 0” 
10 18 6 


39 36 54 
60 


oo L ( = 23769) = 3-376010 
» 2 « « . = 10°000000 


13°376010 
Log a ( = 2360). = 3:374565 


10-001445 = log tan 45° 5’ 44” ax ¢ 


aoe 
Log J (== 1885). == 3°141450 
Rad. .. == 10:000000 
18:141450 


Log cos ¢ (== 45° 5 44")==  9°848757 
3°292693 = log of 1962 = d. 


Table VII. 
Length of a Degree of Longitude on each Parallel of Latitude. 


This table requires no explanation ; it exhibits the length of 
a degree of Longitude in nautical miles (each of which oquals 
a feet) at every degree of latitude from the Equator tw 
the Poles. 


Tables VIIT. and IX, 
Dip of the Horizon. 


The latitude and longitude of a vessel is determined by 
observations made on the heavenly bodies, which observations 
consist principally in measuring their altitudes or the angle 
which they make with the horizon. The altitudes thus taken 
being compared with certain altitudes given in the “ Nautical 
Almanac," in the manner more fally explained in the “ Radi- 
ments of Navigation,” enable the observer to determine both 
his latitude and longitude. It is however requisite to make 
certain corrections in the observed altitudes in order to ob- 
tain the true altitudes. ere 
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Fig. 2. If, in fig. 2, G@CDY is a 

A sectiun of the earth, and B 

the place of an obscrver, 

then GEF is the rational 

horizon, and HCI the senai- 

b/e horizon. Also, if A is the 

place of a heavenly body, the 

angle AEF is its true altitude, 

A C1 its apparent altitude, and 

y. AB Dits observed altitude. 

If the observer had been 

on the surface of the earth as 

C, then the obserced altitude 

would have coincided with the 

apparent altitude, but whe raised above the same, as is 

always the case at sea when @he observations are made from 

the vessel's deck, the horizon dips, or becomes depressed, as 

shown by the line B D, and the observed altitude A BD be- 

comes greater than the apparent altitude A B K or A C 1* by 

the angle K BD; the magnitude of this angle (termed the 

dip of the horizon) depends upon the height of the observer 

above the surface of the earth; its values for all heights be- 

tween 1 and 140 feet are given in ‘luvlc VILE. The angle 

found in the second column must be subtracted from the 
observed altitude to obtain the apparent altitude. 

The dip given in Table VilI. supposes that the view of the 
sea horizon is perfeetly unobstructed. Should, however, an 
object intervene, as a coast, the margin of the sea where it 
meets the shore must then be taken as the horizon; and in 
thie case the angle to bo subtracted from the observed altitude 
will be found in Table IX. under the proper height, and on a 
line with the distance of the object from the observer, which 
may always be judged of with sufficient precision by an ex- 
perienced eye. Thus, if the vessel is about 2 miles from tho 
shore and the observer is 20 feet above the surface of tho sea, 
the angle to be subtracted fur the dip will be 6 minutes, 


Table X, 
Reduction of the Moon's Horisontal Parallaz. 
The difference between the apparent altitude of a heavenly 
© The distance po of the cheerver shore the earth's surface is so incon- 


sidersbla, as ed with pa, the distance of the body, that theme twe 
angles ung be as equal wishoat any sppresiable error. , 
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bedy, or the angle which it makes with the sensible horizon, 
and its true altitude, or the angle which it forms with the 
rational horizon, is termed its parallax. The parallax of a 
body is greatest when it is in the horizon, and it decreases as 
its altitude increases, until, when it attains the zenith, its 
parallax becomes nothing. Thus in fig. 3 the parallax at C is 
greater than that at E, and is nothing at the zenith F. 


Fig. 8 


rl 


~~ f 





The amount of the horizontal parallax depends upon the 
distance of the body AC and upon the earth's radius A B, 
The nearer the object, that is the less A C is, the greater is 
the angle AC B or the parallax. The moon being much nearer 
to the earth than any other of the heavenly bodies, its parallax 
is much greater, and as its distance from the earth varies so 
also does ite lax; the amount of its parallax is given in 
the “ Nautical Almanac” for every day throughout the year. 
The parallax there given is, however, calculated for the earth’s 
greatest or equatorial radius; and since, from the proximity of 
the moon, the decrease of the earth's radius in higher latitudes 
diminishes the parallax to such an extent as to require correc- 
tion, we have given in Table X. the amount to be subtracted 
from the equatorial parallax to give the true parallax in any 
given latitude. For example, let the earth's equatorial parallax 
on any given day, as found in the “ Nautical Almanac,” be 
58 minutes, what will it be for the same day in latitude 52°? 
Here under 58’, and on a line with 52°, we find 7“2, which 


o-_n 
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must be subtracted from 58’, giving 57’ 52-8 for the moon's 
parallax in that latitude. 


Table XT. 
Augmentation of the Moon's Semidiameter. 


In making an observation, it is the position of the center of 
the object which is required, but as it would not be easy in 
practice to judge with sufficient precision of its position, it is 
usual to measure to the nearest edge (or limb, as it is termed) 
of the object, and to add the angular value of its semidiameter. 
In the case of the moon, its apparent semidiameter varies con- 
siderably according to its distance from the earth, and also 
from its great proximity its semidiameter is sensibly increased 
by the parallax ; for, as her altitude increases, she approaches 
nearer to the observer, and the apparent semidiameter be- 
comes greater. The value of her horizontal semidiameter for 
every day is given in the ‘* Nautical Almanac ;” and Table XI. 
shows the augmentation of the same occasioned by an increased 
altitude. Thus, when the moon's horizontal semidiameter is 
15’ 30” her apparent semidiameter, with an altitude of 51°, 
will be 15’ 42”. 

Tables XII. and XII. 
Longitude and Time. 


As the sun apparently revolves round the carth once in 
every twenty-four gues with an equal rate, it arrives at each 
menidian at a different time. And it is on this principle that 
the longitude of a place is determined by the interval of time 
between the sun's passing the meridian of that place and the 
meridian of Greenwich. As the whole 360° are equal to an 
interval of 24 hours, any lesser number of degrees are equal 
to @ proportionate interval of time, and these two tables aro 
for facilitating the conversion of longitude into time, or vice 
versd. Asan example of their use, let it be required to find 
the interval of time corresponding with a difference of longi- 
tade of 43° 13’ 10”. 


, 
From 2nd column, Table XII. 40° a= 2 40 
» Ast mm i S° =x: 32 
» Ist * ” 10’ =x 40 
» = st = ‘g 3’ == 12 
** Srd ss os 10” sz: 0°667 


The time is therefore . % 59 
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Again, if it were required to know the difference of longi- 
tude corresponding with an interval of 4 hours, 31 minutes, 
and 6 seconds; we have 


From Ist column of Table XII[. 4 hours = 60° 0’ 0” 


» Qnds,, et » 30 mins. xe 7 80 0 
"9 Qnd oo 9 #9 Imin. = 0 15 O 
9 2nd rT 99 > 6 secs. on 0 1 30 


Which gives for the diff. of longitude . 67 46 80 


Table XIV. 
Parallaz in altitude of the Sun and Planets. 


The horizontal parallax of the sun and planets depends 
upon their distance from the carth, and is given for every day 
in the “ Nautical Almanac.” The parallax for any altitude is, 
ns already explained. Jess than when the object is in the 
horizon; and Table XIV. is intended to give the amount of 
pole for any apparent altitude when the amount of the 
rorizontal parallax is known. In using the Table look for 
the horizontal parallax at the head of the Table, and in the 
column at the head of which it stands, and on the same line 
with the apparent altitude, will be found the parallax required. 
For example, if the sun's horizontal parallax is 9”, what is 
her parallax with an apparent altitude of 48°? Here, in ths 
column having 9” at its head, and on the same line with 48°, 
will be found 6”, which is the sun's parallax at the time. 


XV. and XVI. 


Refraction of the Sun and Stars. 


There is another correction rendered necessary in order to 
reduce the observed altitude of a heavenly body to its apparent 
altitude; in consequence of the optical re of the atmo- 
sphere termed refraction. While the effect of the parallax is 
to make the object appear lower than its true place, that of 
refraction is to make its altitude appear greater. The effect of 
refraction is greatest when the olject is in the horizon, and it 

ually diminishes until at the zenith it becomes nothing ; 
it is not, however, always constant for the same altitude, but 
varies with the temperature and density of the atmosphere. 
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Table XV. gives the refraction for every ten minutes of 
sah altitude, calculated for a mean temperature of 50° 

ahr., and a mean pressure of 29°6 ins.; and Table XVI. 
contains the correction requisite to be made for any other 
temperature and preesure. For example. what is the refrac- 
tion of any heavenly body whose observed altitude is 31° 20’ 
when the tem re is 72°, and the barometer 30°33? In 
this case we first find, from Table XV., the refraction for a 
mean state of the atmosphere to be t’ 35:5”, we then find, 
from Table XVI., that at the temperature -of 72° we must 
subtract 5’, and with the barometer at 30°35, that we must 
add 1”, after which we have 1’ 31:5” for the required refrac- 
tion. It must be observed, that when the temperature is 
below the mean, the correction must be added, and when above, 
the mean subtracted ; also, when the barometer is below the 
mean the correction must be subtracted, but when above the 
same it must be added. The correction for the thermometer 
is found in the column having the temperature at its head, 
while that for the barometer is found in that having the 
pressure-at its foot. 


Talle X VII. 
Correction of the Moon's Altitude. 


As already explained. the effect of the refraction is to raise 
the object, while that of parallax is to depress it; the parallax, 
however, being always the greater, the apparent altitude is 
always less than the trwe altitude. Table XVII. contains 
the difference of the refraction and parallax for the moon, 
whieh is therefore the correction to be added to the apparent 
altitude to obtain her true altitude. In using the table, the 
correction will be found in the column having at its head the 
moon's horizontal parallax, and opposite to the apparent alti- 
tude. Should these not be found exactly in the table, we 
mast take the next less values, and to the number thus found 
we must add or subtrect (as the case may be) a proportional 
pert for the requisite namber of minutes or seconds wanting, 
which are given for the altitudes in the left-hand column, and 
for the parallax in the right-haod column. For example, let 
the correction be required when the a t altitude is 
29° $7’, and the moon's horizontal parallax is 50’ 24”. In 
this case the next less numbers to these in the Table are 

29°30’ and 56’ | | 
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| Under 56’, and opposite 20° 80’, we find 47° 1% > 
Add proportional parts for parallax wt 18... 


” 99 ” ” ; 35 
17 22% 

Subtract prop. parts for altitade 7’ 8 
Correction required . . . 17 10% 
Ra 


The moon's true altitude therefore equals 20° 54’ 19/5. 


Ea. 2, What is the moon’s true altitude when soe aa 
altitude is 9° 53’, and its horizontal parallax is 58° 20” 
Under 58’ and o open 9° 50’ we find. 61’ 44” — 





Add proportio rts for parallax 207’ 20 
" : - oe for Nitade 3’ Q 
Correction . 52 6 

Ras 


Therefore the moon's true altitude eqrals 10° 45’ 6”. 


Table X VIII, 
Logarithms for finding the Horary Angle or Apparent Time. 


The use of this Table is to facilitate the calculation of the 
Apparent Time at any place, from observations made on the 
altitude of some known celestial body. The logarithms in 
' the Table are twice the sine of half the are of longitude cor- 
= pete the number of hours and minutes at which it 

r of performing the calculation by 
this ipa is "is derived from the enter altitude is fally 
explained in the “ Rudimentary Work on Navigation.” 
use of the Table is as follows:—baving obtained this } 
rithm, look in the table for it, or for the next leas } m 
to it, and take out the time in hours and minutes poy ate 
ha and altitade is decreasing) at the and in the Jeft- 
hand colamn ee if increasing) at the | and in the 

column. Then subtract the logarithm teken in 
the table from the given logarithm, and having added to the 
| a difference "th emtiges lems intel DY 
‘the nearest number in the contiguous headed 
gnd the quotient will be the number of sevenda-ta. 


fale 


i 
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to the hours and minutes already obtained, when the alt tude 
is decreasing, _ be subtracted when a Rho 
ample, what is the apparent time corresponding to 
st 9°649921 when the altitude was deceaiiog* = 
Given log . . . . 9°649821 
Next less log in Table 9°648913 log of Sn. 35 x. 


40800 — 3516 == 11 seconds. 


Dae EN 
Therefore, the apparent time required is 5. 35m. 11s. 


‘Ea. 2. What is the apparent time corresponding with the 
logarithm 9:215630, when the altitude was increasing? 


Given log . . . . 9215680 
Next less log in Table 9:214358 =m 20 un. 49 u. 








127200 -- 7114 me 18 seconds. 


Therefore, the apparent time is 20 u. 48 w. 42 8. 


Table XIX. 
Common and Hyperbolic Logarithms 


The of this Table is to facilitate the conversion of 
thms into hyperbolic, aud vice versed. Its use 
is as follows :—To convert common logarithms into hyperbolic, 
write the common logarithm, as shown in the first example 
ape ange vos? pearl -altoneg FascrerTpatae é 
valent value figure in hyperbolic 

ing care that the latter are each moved as many places to 

Oe cease ee ee 
rithm are; the sum of the whole will be the hyperbolic legs 


e 


required. 
To convert hyperbolic thms into common, proceed in 
& similar manner, writing the h lic as inthe 
wesond example below, and g its equivalent value in 


Ha. 1. What is the hyperbolic logarithm of 3156? 
reference to Table I. we find the common logarithm of 
‘ie 94090187; then-— e 4: 
a 
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Com. Log. Hyp. Lag. 
. & . 2. . . . me 6007755 ' 8 
“4 ee 0©«© «© 8 « & 921084 0 
“09 wz ‘207282 | 7 
000 . = 020728 | 8 
0001 . . = 000280 | 8 
0003 . == 000069 | 1 
000007 . . = 000016 | 1 
8-057061 
mannaainaiss 
Ea. 2. What is the common logarithm of the number whose 
hyperbolic logarithm is 6°16073) ? 
Hyp. Log. Com. Log. 
& . . . . . oe 8171472 | 4 
ae . . se 048429 | 5 
0O . . . == 026057 | 7 
‘0007... =: °0003804 | U 
(00008 . . . == «000013 | 0 
000001 . wm ‘000000 | 4 
2:241277 
ey 
Table XX. 


Curvature of the Earth and Refraction. 


This Table is of use in Geodesical operations. Practically, 
a level line on the earth's surface is a line everywhere equally 
distant tte sad pales It 2 sagetiryy ronal not a 
straight line, but is a portion of a e, havi same 
radius as the ‘ Whea a level, shecdalits. ay other in: 


sp Maca ard tg gp ae 
& t to that line ee it at the point 

where instrument stands, and being pol it ev 

elec. The height of this line above the truo level line, if 


for various distances up to 80 miles are given in the second 
calm of the Tab tha cilick: hovever. of thw yoltastion 


the simoaphere ia to curve the visual ray passing ner,» 
the center or axis of the telescope, 90 that the optical axis 
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se 
really a curved line which approximates very nearly to a circle, 
having & radius seven times greater than that of the earth. 
The heights in the second column a so to be reduced by a 
seventh part, and the numbers thus obtained are given in the 
third column. To exemplify its use, let us suppose that an 
instrument, placed in an elevated position, has its telescope 
direoted to a church tower 8 miles distant, and that when 
its telescope is perfectly level the horizontal wires are found 
to cut a point in one of the windows, which, on direct measure- 
ment, is found to be 95 feet from the ground, it is required to 
ascertain the real difference of level of the two spots, Now, 
on reference to the Table, we find the correction for 3 miles 
is 5:14, which, being subtracted from 95 feet, gives 89°86 feet 
for the actual height of the instrament above the ground on 
which the tower stands. In taking a series of consecutive 
observations, as in the ordinary operation of levelling by back 
and fore sights, to ascertain the relativo level of two distant 
places, so long as no great difference in the range or length 
of the sights occurs, no correction for curvature or refraction 
need be made, for when the sights are actually equal no error 
arises in the ultimate result. 


Tables XXI., XXIU., XXIITI., and XXIV, 
Trigonometrical Exzpressions. 


These Tables require no particular explanation. Table XXI. 
contains exquivalent expressions for sin a, cos a, tan a, oot a, 
sec &, cosee a, versin a, and will be found of considerable use 
in reducing formule containing trigonometrical expressions. 
Table XXII contains expressions, the sin, cos, tan, and cot, 
of multiple arcs. Table XXIII. contains « variety of formule 
relating to the metrical functions of two angles or arcs. 
And Table XXIV. contains a sewer for the sin, cos, tan, 
and cot, in terms of the arc, and for the are in. terms of the 
sin and tan, and also expressions for the powers of the sin 
and cos. 

Table XXYV. 


Fig. 4. The formule given in this Table are in- 

P tended to enable all the six parts of a plane 
YON Sie a e to be determined when 
any three parts were previous! 

A a) nay When either «side of angie fe 
=” wanted it will only be necesssry to make 





$ 
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A-0¢ 8 the side or angle as the case mey be, and to insert 
in, the formule the proper values of those letters which are 
known, which will then the value wanted. For ex- 
ample, in a triangle, two of whose sides are 28 and 35 feet in 
length, and the angle included between is 51°, what is the 

of the third side? In this case we have given B, C 

8, and want to find A, we must, therefore, select a formule 


coutaining only those letters ; we find, accordingly, No. 7 gives. 
A wm ./(B* + C’—2 B.C. cos a.) 


We have B = 28, C =: 35, cos 51°== 629382; inserting these 
values, we have 


A wz ./(23* + 35% — 2 x 23 x 35 x 62092) = 27-217, 
which is the length of the side required. 


Table XXVI. 


The formule given in this Table are to facilitate the soln- 
tion of quadratic and cubic equations, in order to which it is 
only necessary to substitute for p and q their known values in 
the formule when the basa of x be determined. By 
wir l of vem oi let it be st vay to find the value of x in the 

n #' + 3z 6x0. We see by reference to 
the Te le that this corresponds with — at in the 
aa and q¢ to 586. re 

tute these values in the second expression, is bone 


8 $3 
Ten ae t/a 


therefore, a= 0° 12’ 36”, and Jaxx 0° 0’ 18”; 
Then, 





Tan § =y/ tan (6’ 18”); 
therefore, f m= 7° 1’ 5”, and 2 8 == 14° 10”, 


and, , 
ema /s oot (14° 9” 10”) m8, 
which ie theta value of @. 
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i _ Table XXVIU. 

This Table contains the differental coefficients of some of 
the moet. tly-occurring functions of w, and will be found 
to include all the rules for simple differentiation. 

Table XXVIII. 


This Table contains a variety of constant numbers of 
frequent use in general calculations; it also contains their 
logarithms to seven places of decimals, and the arithmetical 
complements of the same. The latter will be found of use in 
cases where it is required to divide by the numbers in the 
Table. 

Table XXIX. 


To reduce the Sun's Declination to any given Meridian, and to 
any time under that Meridian. 


In the ‘Nautical Almanac” the sun's declination is given 
for each day at noon at Greenwich; it is, however, noceasary 
for the purposes of navigation to ascertain its declination at 
any other meridian, either at noon or at any other time of 
theday. In either of these cases,having obtained the declina- 
tion from page IT. of the month, in the “ Nautical Almanac,” 
the correction to be either added or subtracted therefrom, 
according to the directions given below, may be found in the 
following manner. 

I. Uf the sun's declination t required for some other meridian 
at noon, reckon tho difference of longitude between that me- 
ridian and Greenwich, then look for this difference in the 
first left-hand column of the table, and on the line on which tho 
same is found, and in the vertical column having at its head 
the nearest number to the declination already taken from the 
“ Nautical Almanac,” will be found the correction required. 
It will be seen in tho “ Nautical Almanac,” whether the sun's 
declination is increasing or decreasing ; when decreasing, add 
the correction in east longitude, and subtract it in west longi- . 
tude; but when the declination is increasing, subtract 
correction in east longitude, and add it in west longitude. | 


Example. 


‘What was the sun's declination at noon, on the 13th of’ 
November, 1850, in longitude 175° w. ? 

fore we fiud, from the “ Nautical Almanac,” that the sun's 
declination at noon at Greenwich was 17° 58’ 1” south, and 
that it. increasing. We next look in the first column 
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of the table for the given difference of longitude, viz., 175°, 
but the nearest number that we find is 170°, which is 5° too 
small, aod we most therefore add together the corrections 
found in the proper vertical colamn on both the lines having 
6° and 170° in the first column. Thus, in the present in- 
stance, in the column having at its head 18° (the nearest to 
17° 58’ 1”) and on the same line with 5° we find 13”, and 
on the same line with 170° we find 7’ 22”; these being added 
together give.7’ 35” for the required correction, which, as the 
sun's declination is increasing and the differeuce of longitude 
is westerly, has to be added to 17° 58’ 1”, making 18° 5’ 86’ 
for the sun's declination at noon in longitude 175° west. 

II. If the sun's declination is required for Greenwich at any 
other hour than noon, reckon the interval between that time 
and noon; then look for this interval in the last right-hand 
column of the table, and on the same line in which it is found, 
and in the vertical column having at its head the nearest num- 
ber to the sun’s declination (from the “ Nautical Almanac ”), 
will be found the required correction, which, when the sun's 
declination is increasing, is to be added, if the time is after 
noon, and subtracted if before noon; but when the declination 
is decreasing must be subtracted if the time is after noon, and 
added if before noon. 


Examples. 


What was the sun's declination at Greenwich on the dth 
of July, 1830, at Th. 28m.? 

From the “ Nautical Almanac” we find the sun's declina- 
tion at noon to have been 22° 54’ 58” north, and to have 
been decreasing. ‘Then Jooking in the last column of the 
table for the nezrest number to 7 h. 28 m., we find 7h. 20m., 
and on the same line in the column headed with 23° (the 
nearest number to 22° 54’ 68”) we find 1’ 30”, and in the 
same vertical column on the same line with 8m. we find 2”, 
therefore the correction is 1‘ $2”, which, as the sun's declina- 
tion was decreasing, and the time after noon, has to be sub- 
tracted from 22° 54’ 58”, leaving 22° 53’ 206” north for the 
sun's declination at the hour required. 

What was the sun's declination at Greenwich on the 24th 
of August, 1850, at 20h. 12 m.? 

In this instance the time given, vix., 20h. 12m. on the 
24th is equivalent to 3h. 48 m. before noon on the 25th, for 
which. day the sun's declination js found im the “ Nautical 
Almanac” to have been 10° 48’ 56” north, and to have been 
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decreasing. Looking then in the column of the table ha 

at its heed 11° (the neareat to 10° 48” 60”) and on the cont 
line with, 3h. 20m. we find 2 56”, and on the same line 
with 28 m. we find 25”; adding these two together, we obtain 
3’ 21” for the correction, which, as the sun's declination is 
decreasing, and the time before noon, must be added to 
10° 48’ 56”, making 10° 52’ 17” north for the sun's de- 
clinativn at the time required. 

It}. If the sun's declination is required for some other 
meridian than Greenwich, at any other hour than noon, we 
must first make the necessary correction for the difference of 
longitude in the manner already explained, and then the 
correction for time according to rule i. 


Ezam ples. 


What was the sun's declination on the 17th of May, 1850, 
at 5h. 40 m., in longitude 128° x.? 


Sun's declination (increasing) at eal: © 197 aa” 
Hota 19° 18’ 88" » 


Subtract correction for 120° ; ; 4’ 46” 08 56 
Subtract correction for 8° . .. 019 

19 18 83 
Add correction for 6 h. 20 m. a tg 38 a | 0 8 
Add correction forO0 hh. 20m... . 012 


EEE Meine n OEED 


Sun's declination at the time and place required 19 16 56x. 
Ee) 


‘What was the sun's declination on the Srd of June, 1850, 
at 17b. 20 m., in longitude 79° w. ? 
17 h. 20 m. on the 3rd, is equivalent to 6h. 40 m. on the 4th. 


San's declination kenreene) © at dei 92° 95 47" w. 
at noon e 

Add correction for 70°. ee a a “yay 0 188 

Add correction for 9°. e é e 0 13 





22 27 40 
Subtract correction for 6h. 40m ....0 2 & 


Bun's declination at the time and place required 22 25 16x. 
PEATE 





® 
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When the sin is near either of the equinoxes ite déclina- 

may be lees than the correction, in which case, whom the 
ia substractive, the declination must be subtracted 
frown it, and the remainder sill be the sun's declination of a 
eee heme ee ee ree eee 


i 


Example. 

What was the sun's declination at noon on the 23rd of 
September, 1850, in longitude 164° x. ? 

The sun's declination (increasing) at noon, 


O° VY 67s 
at Greenwich . 
Subtract correction for 160° at noon 10° 28” 0 10 41 
Subtract correction for 4°. . . . 0 - 
Sun's declination at the place required . . 0 8 44m. 












o| soeaes |o434 [0868 | 





| : 032837 325913 452 

i seh 1603 "2016 | 2428 | 0841 
37 6125 

ae 89 [5195 


Sio ae 4227 
; aes $534 












4628 | 5029 





NX. ] 2: 2 3 4 
1000 | 43°4 | 86°3 | 130°2 | 17376 
1002 | 43°3 | 86°6 | 129°9 | 173°2 
1 43°3 | 864 | 129°6 | 872°8 
I 431 | 86°2 | 129°3 | 1744 
1009 | ¢3°0 | 860 | 129°0 | 172°0 
z012 | 43°9 | 35°83 | 1a8°7 | 172°6 
1014 | 42°83 | 85°6 | 128-4) 171-2 
3016 | 43°77 | 85:4) 128-8 | 170°8 
1018 | 42°6 | 85-3 | 127°3 | 170°4 
1020 | 42°§ | 85°0 | 127°5 | 170°0 


1023 | 42°4 | 84°8 | 127°3 | 169°6 
: “6 | 160" 


1028 | 422 | 84:4 | 126°6 | 168-8 
1030 | 42°12 | 84-2 | 12673 | 168-4 
1033 | 42°0 | 84:0 | 126°0 | 168°0 
1035 | 4t'9 | 83°83 | 125°7 | 167°6 
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~ 
?] 


1 {48 
@6128c 
4607 





20} Deg. 


$39223 


TABLE V.—Loc. Sners, ero. 
Sec. 'D.| Cus. | 
EOUUE 1) 9:90) 


539565) « 


541953 
542293 
$42632 
542971 


$433 10) ¢ 


543649 
§439387 
$44325 


544663| ° 


$45000 
545338 
$45974 
546011 


| $47 89 


5 
42 | 548359 
43 | 548693) 
44 549027: 
45 | 549360 


$57 | 
451641 
g | 454307 


46 | 549693) | 


47 | $50026 
48 | 550359 
49 ; 550692 
go | 5$to2 

$1} 551356 
$3 | $51687 
$3 | 552018 
$4 | 553349 


1449641 
$53 | 
$53 
552 | H4%0e4 
gga | 448383 


447982 
557 | 447651 


ce 
$66932 
567320 


56 
56 
54 


648 
648 
647 
647 
646 


7799 


8 
$46 
$68873 
$692.61 
$69648 645 
579035 645 
$704.22) 
570809| gt 
571195) 643 
571581] gf) 
571987) 64a 
572353! 643 
572738) 6, 
§73133' ¢,, 
$735°7) 64, 


573892 6 
574279) 61, | 
574660) go 
575044 639 
575437: 639 
$75810) 6238 
578193, 638 | 
$76576: ¢., 
576958 637 
57734!) 626) 
577723: 626 | 
78104: 656! 
578486. 63 
78867; 63? 
579248: 624 
| 634 
‘6 


580769: ¢ 
s8r149 623 
581528 ¢ i 
$81907' 63, 
582286 «° 


533043 ¢ 
$83422, 630 


34 419651! 


| 416957! 


7799 

7755 

7802 

7849 

7895 

7942 
43°739| 7989 
430352) 8036 
429965) 8083 
429578; 8130 
429191) 8177 
428805) 8224 
428419) 827: 
428033) 8318 
427648) 8365 
427262! 8452 
426877) 8460 
426493! 8507 
426108) 8554 
425724) 8602 


425340) 8649 


424956; 8697 
424573| 3744 
424190! 8792 
423807! 8839 
423424, 8887 
423042, By 44 
422659) 8982 
422277] 9030 
421896) 9078 
421514, 9126 
421133; 9173 
4207 $2; 9221 
420371) 9269 
419991) 9357 
9365 
419231) 9414 
4183853) 9462 
418473; 9510 
418093) 9558 


78 
73 
78 
78 
7% 
73 
73 
78 
78 
73 
78 
79 
79 
79 
79 


tb 


79 
79 
79 
79 
79 
80 


8c 
Bo 
80 


417714; 9606 % 
$82665: 5° 1 417335! 9655 [5 


9793 
416578) 9755 
416200: 9 


415823) 984% 
Pang. | Cos. 'D.| Bine | ° 


r 


t 
p oemad 


21 Deg 


'aagi 
| 3345 


| 219 


311 
3105 
2058 





04 ee 

TABLE V.—Loo. Sixes, ere. 21} Deg. 
‘| Bine | D. {Cource.| Tang. | D. | Cot. | Sec. [D.| Cos. | 
9°5 We'4 a “41eO | : 
54329 4567) spa bag 415823) 29848 
7 45342) 584555) 602 1 415445; 29897 |, 

45013 584932) ¢, 2 415063) 29945 
55385 44685) 585309, 655 | 414691 
55643 44357 585686 «2 414314 
5$973 44079) 586062; 6,5 | 413938 
$6299) ¢ 4 | 4370! 586439; 6,4 | 413561 
$6626) 27. 43374) 586815. 6c | 415185 
56983 543 | 43047] 587190; 26 | 412810 
$7280) 


4272c 587566: 412434 
57606) ©. | 42394! 587941 412059 
$7932) ¢ | 42063) 588316 baz | +1 1684 
58258 $43 41742] 58869: a 411309 
68583 $42 (40407 589056 rae 410934 
58909 542 | g109 1 589440) 6, 410560 
$9234 gu | 40706 589814) 65 3 | 410186! 
$9558 op | 40442] 590188 4og812 
59883) a | gory] 590562! 23 | 409438 
60207) ¢ 1, | 39793/ $90935) 6... | 409065 
60531) (39 | 39469! 591308) 6,5 | 408692 
60855 $39 39145) 591681) 65° | 408319 
61178 38842) 592054) «| | 407946 
61501 


21 Deg. 


o 





2 
at 548 
548 
$47 
547 
$46 
546 


io 
29994 ig, 


30043 |g 
30097 ig, 
30140 Ig, 
30189 |g 
30238 33 
30286 
39335 ig 
30334 
39433 ig 
30482 (57 
30538 |p 
30580 | oe 69 
3063015 % 
30679 ig: 
30728 |9, 
39777 ig4 
30827 Ig, 
30876 ig, 
39925 'g2 


29 
7o1s2 
70103 
70055 
70C06 
69957 


2~ Awntew nna 6 


| Gas 


622 


38499) $92426) 6) | 407574 
G1d24) | 38176 $92798) ¢ 

62146) 237 | 37854) 593171 ; 
62468) ° ae 

6aryol > 
63884, 


634331 53. 


37532) 593542 


619 


37210) 593914 613 


° | 6888 594285 
| 36567 §94656) © 


618 
618 | 495344 


407202 
406829 
406458 
406086 


405715 


31024 9)! 
31074 Ig.) 


31173 |g 
31223 183 


30975 |g) 


1 69035 


| 


68976 
68926 


31123 83, 68877 


68827 


, 68777 
| 68728 


63755, . 535 


404973) 31272 ‘951 
64075: 534 


| 404602; 31322 | 
| deen 3372 
ga8y: 5961381 ¢ 16 | 403863} 31422 |93 
14964 | s96se8! ee 493492) 31472 ig 
596878 616 403122) 31gar (3 3) 68479 
34324, 597247: 616 402753) 31571 : 3 68429 
34005) 597616! AeeaPa 17688) i 68379 
33686) S97985! 615 | goacrs 31671 183) 68329 
33368; 598354 6 401646) 31722 23) 68378 
g 


3; 68678 


35925) 695398 61 
| 68628 


64396 35604 595768 6 
| 647 716 595135 
6536 33 HE 


338 950271 ¢, 


| 68598 
: 68528 


este 53 


65995! 

7 8 

38 66632) 

39 | 66951| $3 

49 | 67269) o30 
41 | 67587 
44 | @7g04) 
43 | 68a2a; 
44 | 68539 
45 | 68856 

| Cos. 


69 Deg. 


} 33 
22 

2: 
20 
19 
18 
17 
97977 16 


. 33049; 598722, 401278. 30772 3) 68228 

, 33731) $9998 6, | 4cogog! 31822 

gag | 12453) 599459) 6, 400543; 31872 | H 
gag | 32099) $998371 6,4 | 400173 31922 |9f 

31778) 600194) ¢, 5 | 399806 31973 |g) 
528 3146: a 399438, 32033 | 

31144; Googag! "| 399071! 32073 | £7927 | 68 15] 

“D. Cot. [D. | Tang. | Con {D) Sine ae 


ie we” 
5 


3 
3 
3 
13 





Lae 
ie 


574513 





$28 


| $20 


t 


§74824. 


§75136. 
$75447; 
575758 
576069 


13} 577309 


5'9 
519 
gi 
st 


518 


13 577608 


341 $77937 
#5) 673236: 
361 $78545 


17 | §78853' 


18 | 679162 


19 579479, 


30 | $79777, 


25) | 81312, 
26; 531618 
27 | 581924 
28 582229. 
29 bs 35; 


‘ 


i 


/ 


576379. 515 
576689. > 7 
11 | $76999. >: 


547 
516 | 


g16 
$15 
$15 
$14 | 
514 | 
$13 
$13 
$13 
, §f3 


§'2 
gus 
‘gut 
gus 
gto 


1 $10 


5°9 


| 439896 bo2o2y' 


) 


TABLE V.—Loo. Sixes, erc. 


area a ae meee on 


“) Sine Sine | D. Cosee. | Upang. | D _ Cot. | See. 1D! Con | 


10 x | 
431144! 6oogag! ¢ 
430823 Go1ag6: 6 
430512! 601662: ii 
429880 662395 g1° 
429565, 602761! ¢ 
429249) 603127: 
428934) 603493) 609 
428620) 603858) 65 
428305) 604223) ¢ 9 
427991, 604588: 
427677) 604953! bo 
427364. 605317) 6.4 
4270 50p60 5682) ¢ 
426737; 606c46; be 67 | 
426425 6c:b4101 65 | 
4261312 606773) Bs 
425800, 607137) 6o¢ 
425438) 607500! 605 
425396, 607863) 
424864| 608225, 
424553 608588 6a 
434242 6089 501 eo 
42393! bo93ial gos 
423621! 609674! 
423311) 610036! 

} 423001 610397, 


422691) 61075 
‘sagha| 6retas 
422073) 6r1ggo 
421764 651841. 
421455, 612201! 
428147; 66256:' 
420838) 612921, 
420530 613281) 
§30223, 613641! 

| 599 
419915) 614000 3 
419608} 614359) 598 
419301; 614718: 59 
418995! 615077: 59 
418688) 615435 ¢o Al 
418383; 615793) 5 
nee 


bog 


| 6oa 


€35793 599 


6165cq: 59 
417465| 616867 59° 


417160 a na 


457775 


9 | 397339) 


6 | 383849: 
33349! 


all 


1803] | 9-96 
399071) 2073 1p | 7927 
seesati aie 7876 
398338! 2174 | 7826 
397 gr! 223515 a 773 
397605: 275m 7725 
232 31 7874 
2376; +) 7624 
3437 194) 7573 
al 5 7542 


es 7471 
395492! 2579 [ool 7428 
3950471 263017) 7370 
39468 3! 2681 7319 
499388 2732 by 7268 
193954) 27 784 |5° 7339 
393590; 2834/9, ! 7166 
393227) 2885 | 7285 
392863) 2936 ig| 7064 


392 50¢ maa ; FUN3 
3921 37] 3049 |g.) S961 
391775 3090 |p B5| o9t0 
391G12/ F141 [g 7] O859 
Iglogul 3192 85 68c8 
390688! 3244 146) 6756 
390326) 3295 gg 6) ©7095 
389964! 3347 'g¢: 6653 
389603 3398 | 96 66023 


38924!/ 3450 /g¢ 6550 
389880) 4501 : 96: b4g9 
388520; 3553 | 36! 6447 
3881 59) 3605 9 6395 
387799) 3656 ; ‘16. 6344 
387439 3768 86. i 62y2 
387079 3760 ig¢ 6240 
486719) 812 |g 6583 
386359) 3864 36 6136 
386000) 3915 
335641) 3967 ¢ 
335282! golg | . 
334923) 4072 -g 
384565' 4124 y 
384207: 4176 i: 
4228 
j 4280 ig 
393133' 4333. HM 
382775. 4385! 


396873 
396507) 
36142 


gs 
85 
g 


iy, e7 
Tang. | “Coa. :D. ‘inci ~  ” 


674 Deg. 





224 Deg 






7 
437160) 617224 
416355] 617582 
416551) 617939 
416246) 618295 
41§942/ 618652 
415639! 619008 5 


594 
415335| 619364 


595 
595 
595 





019731 593 
8; 620076 


414426) 620432 
414123| 620787 
413821| 625342 
413518) 621497) 2° 
413287) 621852 2 
412915) 622207 59 
412614) 622561 59° 
412312/ 622915 
412011) 623269 3 


592 
593 

















Bihan feo 








1Q° {30°03 
382776) 4385 
382418) 4437 
382061/| 4489 
381705) 4542 
3813438) 4594 
480992) 4647 
3806 36) 4699 
380279) 4752 
379924) 4805 


379568: 4857 
379213] 4910 
373853; 4963 
378503, 5016 
378148) 5069 
377793) 502! 
377439) 5174 





5 | 377085) $227 


376731) $281 








224 Deg. TABLE V.—Loa. Srvzs, rre. 
: D 


Cot. | Sec. 























67 13 































411715) 623623 376377| $334 io, | 4666 12 
411410) 623976 7 376024 5387 4613 i 
GLIT1O| 624330 sat 375670; 5440 |,7| 4560 10 
410810) 624683 375317! $493 |g] 4507 9 
@t0grt er st 374964: 708 4454 g 
410211; 625338 374612) 5 +460 7 
409914! 6257411 ° 7 3742591 $653 [29 4347 6 
409613! 616093 (373907, 5706 | 27] 4294 5 
409314, 626445 5 | | 3735$5) $760 ign) 4240) 67 4 
oo. 626797) ¢ 96 | 373203) 5813 |g.) 4187 3 
97 | # 718) 627149) ge | 372851) $867 4133 2 
6 408420) 627501 8 37 $520 4080 3 
vet sel 637852 85 | 3734 | §a74 4026; @F o 
407824 638203) 371797; 6c 3973 5 
407527) Ga8554 58 5 371446, okt 3919 5 
407230) 628905) ¢g2 | 371095) 6135 | 00) 3865 $7 
4 sh 379745 ri 38u1 56 
°o 
406341 renter ot | spoosa|€ag6 | ‘ik [ 
406045 rod fer 4 sis £352 G0 3650 $3 
405749) 630656) <3 | 3 Gqo4 [2 | 3596 53 
495453) 631005) <9.| 368995) 6458 (00) 3542) 51 
#533 j 831385 gta | 368645, 65a go 3483 5° 
sees 631704 58a | 368296) 6556 go, 3434 > 
4045 gae33 581 367947, 6621 go’ 3379 

404375) 632401) ° 5, | 367599; 6675 (27) 3335 47 
403979) 63275¢) ¢g, | 3 7350, 6739 (0) 337! 46 





403685; 633098 


ae 





34 Deg. 


= Coa. 
70° : ‘ 10 63) 29° 


403685 633098) 53, 366902 6783)! gat 
40339!| 633447! 5 ee 366553! 6837 3163 
4030997} 633795 $80 366305/ 68g2 91, 3103 
402804! 634143, 2. | 365857) 6946 9) 3054 
402510) 634490 579 365510 7001 {9 11 2999 
402217) 634833 579 | 305188) 7055 j. | 2945 
401925) 635185 $78 364815! 7I10, 1 2890 
401632 635532 3 364468! 7164 9h a8 36 
401540} 635879 528 s641a1! 721g 9) farsa 
4o1e4g8! 636236 $77 363774! 9293) J aza7 
wath pete 555 7 | 363qa8! 7328 het 2692 
636919) 571 geaoe ahi. 9 1 2617 
eoraa6s7eee 3627551 7438 | | 2963 
399382 637611) 97 g | 352389) 7492). | 2508 
399598 637956, ° 362044! 7347 gti 2453 
39930¢ 638302. 6! 361698) 7602 92, 2398 
399010! 638647 53 (361353! 7657 79) 2393 
398720} 638992) | 361cu8! 772 | H 2) 2288 


7S) 
398430) 639337) .0.) 360663! 7767 | 3333 
398140] 639682, Haas ae +8 
397850) 640027) .-) | 359973) 7877 g) 2323 
397561| 640371) 57, | 359629) 7933 |) 2067 


397272 ort 359284) 7988 92) 201 


396983) 641060 

396695) © 41404 3$8596) Boy8 7" 19c2 

396406! 641747) 3 4) 358253] 8164 3| 1846 

396118! 642091) ¢5 2 , 1579091 $309 0, 1791 

395830! Gana] 6. | 357566) 8265 2| 1745 

395543 643777) aa 3972251 8320! — 1680 

395255) 64zt20 S74 3568801 8376 9? | ites 

g | 394968 64 3463: ree $430) 95 1569 

605319; 475 394681: 64 4806. | 356194 8387 (7?) 1514 

3 bo56c6, 478 394394: 644148 7 355852) 8542 © yy, 1453 
48 605892) 47 | 3941c8! Gagggo! or 345510) 8598 © | 1402 
49 606179) f77 | 39SBEH! G44 3 oo 355168) 8654 1346 
50 606 465| $77 393535! O4S174) C6 | | 354826) 8710 9 1290 


51, 606755 r 354484) 8765 11235 
47 569 i93} 
3 Stays perk cai 29) ne way 9 
475 93 
607607 392393: 646 54c: ee - 353460 $933 103 1067 
392108 646881) fe g 35388 898q 177; 10488 
391825! 647222| 58 | 352778] 9045 27) ogs5 
391539, 647562. 69! 352438) gior 9 | 6899 
391255: 647903; | $67) 3$2097; 9157 94 543 
390971! 648243) g67 35175719314 0 0786 
990687: 643533: 5 7) BS1497) 9279” 94 6740 | ee 
Bee. | Cot. ; D, 1 Tang. « Cos .D. Bine } ° 


iF $8940) 8043 (72) 1957 


O=— Bwmbwu au «wo 














24 Deg. TABLE V.—Ioo. Sines, ere, 24 Dog. 
© ‘| Bine | D. |Cosec.| Tang. | D. | Cot | Sec. |D.| Cos | : 









9°6 10° | 10° 9°9 

3$1417;| 39270 | | 60730 to 
351077] 39326 19%) 60674| $9 
350737] 39382 |20| 606138 58 
350398| 39439 [0 || 60561 57 
350058} 39495 94{ 2059S 56 
349719| 39552 |7") Gogg 55 
349380/ 39608 (7) 60392 54 
349041) 39665 [2 || 60335 $3 
348703) 39721 [07 60279) 63 52 
348364) 39773 | | 60222 5! 
448026! 39835 |74| 60165 50 
347688! 39891 (94) Go10g| = ag 
347350! 39948 |95| 6cos2| 48 
347012| 40005 
346674| 40062 |95] 59938| 46 
346337) 40118 195| so882} gs 
34.6000] 40175 59825; 44 
345663! 40232 5) 59768} 65 43 


345326) 40289 










24 










GN Awewe YW = 6 
















40575195; 59425 
343308] 40632 195) 59368) 36 
343973] 40690 195) $9310] 35 
yy | 342636 42747 (96, 59253) 65 34: 
3$23C1 4080s 96, 59195 33 

558 | 341966, 40862 96 59138 32 
3 341631/ 40919 6) 59081 zu 
341296 40977 (7, 59023 30 





















5a | 340961) 41035 94; S8965) a 
340627, 41092 7 | S898 2 
3402393; 41150 36 58¥50 27 
339958 41208 og §8792 26 

7 | 339624; 41266 6) 58734) 65 25 





339390; +1323 og $8677 24 









19663 661043) oc 6 | 333957] 41382 176) 58619 23 
38 | 1993 45 661377, a 338623) 41439 oe 68561 23 
39 | 20213 a5 | 29787) 661710) 52. | 338290) 414979 58503 as 
40 | 20488) 423 | 79513] 662043) 02° | 3370987) 41555 97) 584a5| 20 










41 | 20763] $85 | 79237] 662376 55°! 337624] 41613 97 58387 | 











45 $55 
$3] argc] $87 | p80a7 663092) 5541236084] giyay 971 Sagas | ty 
44 | 215%7] $57 | 78qn3] 663375) 358 | 5 6635] 41787 (97; s8a13| 16 
as | 2186s 731394 663707 335294] 41846 | 38154 @S 15 















Cos. | D. | Bec. | Cot. | D. | Tang. | Con \D.' Sime | ° 


66 Deg. 






TABLE Y.-—Loo. Sixga, Bro. 


a ete Ni ere ee eran 
~1 D. 
ncennnagearre } nomena 


Cot i See D.] Coa, 
| 40" [104 i 9°95 
kde, 

6 “aitiyy 663707 6g 336095) 1146 9 ie. 
EBT TIPS: 904059, 335984: BgCy | oA) Bog 
ie 377591) 664378: '335029; 1963, 74) $038 

$3, | 377388] 664703) 


1335297; 2021; 211 979 
477066 sens yn Sgt try 97) 993) 
376771) 665 66: 553 


oF 334634] 2137 | 97] 7863 
+56, | 376498) 665 Shee 334303, 2196! 971 7804 
376226 66360 $53 33397! ey 7746 

54 | 375953 3 


254 Deg. 


Saar 


621861 
622135 
47 | 622409 
48 | 622682 
49 | 622956 
50 | 6a3aag 
623502! ¢ 
633774 
62404 


445° 
46 


33FO4O) 2313 7687 


624319 
62459: 
624363 
625135 
63 
63567 
bscuce 
Gxbaig) #? 
| 636490) ? 
616760 
4 | 627030 
c | 627300! 
627576; 
7 | 627840 
8} 628309: 
9 ; 628478 
10 | 628647 
11 | 628916 
12 | Gagess: 
13 | 629453: 
Fe 629721, 
15 | Gag9 89, 
16 630257: 
17 | 630524) 
18 | 630792. 
19: 631059) 


3 


453° 
453) 
453 
453 
n| 452 
ee 


ase 


450 
449 
449 


: 375681 666691. 
i 375409 667021 
| 375137 667352. 
374865) 667682. 
374594] 66813, 
374323) 668343 
, | 374052 668672 
1 373781 66y003, 
1 | 373510{ 669332 


373240) 6666). 


372970 669991; 
| 372700) $70320: 


| 3724301 670649 
372160) 670977. 


j 
i 


H 


3 | 3716221 671634, 


g | 371353) 71963, 


| 371084 672291 


447 | 


1 470815 672619) 
379547] 672947, 
370279) 673274 


6) pe 67 3602. 


20 | 631326, 445 


at 631593 «4g 
22 631859. 44 


23 | 632125, 4 
24 | 632 93) 
2§ | 632 53 4 
26 632933: 4+ 


369743) 673929: 
6} 399476) 674257 
| 369208. 6745%4 

368941) 674510 

368674: 675237, 

ate 675564. 

348141) 675890: 


{| 367608) 676543) 54 
367342) 676869, 
367077! 677194 > 


371891; 673306, 54 


3333°9 
1 332979 
, [333648 
eee 3323:8 
9 {332987 
o [338857 
aoe 331328 
4 330998 
9 430668 


*49 | 530339 
583 [330099 


68u 

y [349 
49 (32935! 
329023 
3286yy 
{1323366 
0 328037 
4 327709 


6 |32738: 
x46 [327053 

6 326726 
6 1320398 
326071 
325743 
325416 
33 509¢ 
324703) 


547 


546 

545 
545 
545 


544 


2372 
2430 
248 
2648 
3607 
266¢ | 
2724 | 
2783! 
3843 

ager! 

ag60} 
3019 | 
3079 | 
343 

3497 
3356 
3316 
3375) 
3434! 
3494 | 
3553) 
3613) 
3673; 
3732 | 
3792. 
3352, 
3911 


324436) 3971 | 
324110} 4031 | 


763k 
7$7¢ 
791 
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